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When Government drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related Govern-
ment procurement operation, the United States Government thereby in-
; cursnoresponsibility nor any obligation whatsoever; and the fact that
the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded
by implication or otherwise as in any manner licensing the holder or
any other person or corporation,or conveying any rights or permission
to manufacture, use, or sell any patented invention that may in any way
be related thereto.

The information furnished herewith is made available for study
upon the understanding that the Government’s proprietary interests in
and relating thereto shall not be impaired. It is desired that the Judge
Advocate (WCJ), Wright Air Development Center, Wright-Patterson
Air Force Base, Ohio, be promptly notified of any apparent conflict be-
tween the Government’s proprietary interests and those of others.
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FOREWORD

This report was prepared to record results of a
research and development project identified by Lesearch
and Development Order i~108-90, "Airborne Electronic
Altimeter for lapping." The project was under the direc-
tion of the Altimeter Section, Aircraft Radiation Labo-
ratory, WADC, with Captain J. Paul Georgi acting as
project scientist. Following the transfer of Captain
Georgi to another section of the laboratory, Mr. Albert
Goldman, Chief, Altimeter Section, completed the prepara-
tion of the report.

Acknowleugement is made to Messrs. S. Tomberg, S.A.
Segen, J.K, Limoli, and 0.M. Minnich of WADC, and to Mr.
R.T. Wahl, Jr., formerly of WADC, for their valuable
assistance,
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ABSTRACT

Sixteen Altimeters AN/APH-57, manufactured by the
KHCA Victor Division, Camden, N.J., were tested by the
Aircraft Radiation Laboratory, Directorate of Labora-
tories, WADC, and by other agencies. Results of type
tests, accuracy tests, ground tests, and antenna pat-
tern measurements are presented. The equivment meets
all of the exhibit requirements, provided a calibra-
tion error is compensated for during either zero adjust-
ment or data reduction. It is concluded that future
devices of this type should include a stabilized antenna
system. A higher carrier freguency would permit attain-
ing the same or narrower antenna beamwidth with a smaller
antenna. rhotographic recording of data is not entirely
satisfactory, and other methods are suggested.

PUBLICATION REVIEW

This report has been reviewed and is approved.

FoR TAE CORL’ALDING GEITERAL:

CLARENEE H, LEJIS

Colonel, USAF

Chief, Aircraft Radiation Laboratory
Directorate of Laboratories
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THTRODUCTION

Ihe precaration of accurate charts and maps from aerial
ghotographs is imposszible without reliable vertical control
(a method whereby ground elevation with resvect to sea level
is obtained) in c¢rder to establish the coritours of the ter-
rain. Lany photographic mappinz and charting operations will
ve conducted over enemy territorv where no such control data
are available. The army air Forces wirectorate of rhotosraphy,
therefore, proposed on li wovenber 15L2 that vertical control
be obtained from an aircraft in flight by means of a radio
altimeter (providing height of the aircraft above the terrain)
and a barometbric altimeter (providing heipht of the aircraft
asove sea level)., Action was taken on this proposal using
iudio Set s5Ci=718-() to obtain vertical control, but because
of cerbain inadecuacies of the 5Ci=718-(), particularly the
wide antenna beam, it was concluded that this method was not
accurate enougn for use cver mountainous terrain. i1t was,
therefore, recommended (see Air Technical Service Jommand,
fngineering Jivision, kemorandum ieport lo. TSErL-L=6:1-14%-2,
oubjects Vertical Control-tadic Altimeter, datved 7 oeptember
1945), that a project be opened to study and develo; a systen
of wvertical control that would be suitable for both flat ard
mountainous terrain.

A conference (see Appendix I) was held at the radar Labo-
ratory, AWC, % January 1945 and the requirements of an equip-
nent suitable to furnish adecuate vertical control were dis-
cussed.,

On 2 day 1946, Technical Instructions 220, addendwa 1
(see hppendix II1) was prepared at 4i.l, and from this, a project
was established which was identiiied by itesearch and Levelop—
ment fxpenditure Order 101-99, "Vertical Centrol Altimeter
AN/APN-57," and which was later changed to Hesearch and Jevel-
opment Order 110890, "Airborne Electronic Altimeter for
Mapping." A4 letter contract was awarded on & June 1946 to the
fCA Victor Jivision, Camden, K.J., for the design and construc— .
tion of 16 models of the vertical control altimeter. Contract
Ho. W53=0%8-ac-15029 was siwned on 5 uday 1¢47. The first
Altimeter AlL/APN-57 was delivered by «CA on & July 1947.
Delivery of all of the contract items was completed on
December 1815,
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SECTION I - PURPOSE

The evaluantion of Altimeter AN/APN-57 described in this report was
conducted in order to determine whether the equipment met the requirements
of the applicable exhibdit and subsidiary specifications.

SECTION II - METHOD OF ATTACK

The evaluation of Altimeter AN/APR-57 was conducted in accordance with
established procedures of the Aircraft Radiation Laboratory. The tae: was
brolzen down into several sections, described~in detail in Section III of this

report, as follows?

Type Tests

Flight Tests.

Accuracy Tests - S
Antenna Pattern Measurements
Life Test

SECTION III - FACTUAL DATA AND RESULTS

A, General Descriptions

Altimetex AN/APH—57, ghown in Figure 1, is an airborne equipuent
designed to indicate the absolute altitude (terrain clearance) of an aircraft.
The equipment operates at altitudes between 10,000 and 35,000 feet. altitude
is registered on a servo—-operated three-pointer dial vhich is calibrated from
0 to 100,000 feet. A cathode-ray tube indicator shows the instantaneous
error up to £500 feet in the servo-indicated altitude.

On the error scope the received pulse is displayed as an outwardly
directed pulse on a circular trace, while a marker pulse noninally at zero is
directed inwardly. The equipment consists of an antenna assembly (Figure 2)
and associated trim control box, a transmitter-receiver unit (Figure 3), and
an indicator unit (Figure 4). The over-all weight of the complete egulpment
less cables is 160,14 pound.  Zhe carrier frequency is in the range of 9345
to QUOR pegacycles.

The transmitter-receiver is a modified RT-69/APS-10. Output is a
pulse of about 0.25-microsecond length and U-kw peak power. The 60~inch
dianmeter parcbolic antenna reflector provides a beam width of about 1.6% aj
the half-power points., Power requirements are 580 watts at 115 volts, 380-1420
cycles, and 32.5 watts at 26.5 volts DC.

WADC TR 52-193 1
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Fig. 1. Composite View of Altimeter AN/APN-57
. Transmitter-receiver RT-125/APN-57 on mounting MT-292/APS-10
. Control box C-226/APS-10
. Antenna assembly AS-368/APN-57
. Indicator ID-222/APN-57 on mounting MT-613/APN-57

MWK

Fig. 2. Antenna assembly AS-368/APN-57 (Front view)
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LIST OF MAJOR COMPONENTS

Name of Unit Type Designation Weight (1bs Size
Antenna Assendbly AS~368/APN-5T 31,0 21 17/32 in. 62 7/16 in.
- - — _ _ diameter
Transaitter-Receiver RT-125/AFH-57 L3.5 19 in. x 12 in. dlameter
Unit
Indicator Unit 1D-222/ APN-57 76.0 10 7/8 in. x 15 1/2 in. x
_ 23 in.
Mountin; (BR-T) MT-292/APS~10 6.5
Hountin; (Ind.) MI-61 3/ APN-57 2.3
Tri Control Box C-226/AP5-10 1.1 I'in, x 5 1/8 in. x
5 13/16 in,

B. I;pe Tests:

Type tests were conducted on Serial No. 1 in April and May 1948 and
on Serial No. 2 in Augzust and September 1948 by the RCA Victor Division,
Camden, ¥. J., and witnessed by WADC observers.The type etsicluded the following
specific tests (paragraph nwibers refer to Specification 71-85%a):

1. Spot temperatures (Par. D-1m)

2.  Temperature range =55°C to +71°C (Par. D-2a(1))
HMeasurements were made on goniometer linearity, transnitter
output, receiver sensitivity, oscillator frequency, and
tracking of the 3kc gate and the 98 k¢ trigger pulse.

3. Humidity (Par. D~2a(2))

4, Altitude (35,000 feet)

5.  High temperature, nonoperating, +85°C (Par. D-zb(1))

6. Humidity, nonoperating (Par. Dob(2))

7. Altitude, nonoperating, 140,000 feet (Par. D-2b(3))

8. TVibration (Par. D-3b)

9. Input voltage and frequency variation, 90 to 135 volts, 300 to

1000 cps (Par. D-UbQ), (2), and (3)) i
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In general, the equipments met the type test requirements
satisfactorily. A summary of the results follows:

1. Maximom spot temperatures for eight hot spots were measured
and did not exceed the ratinzs in the five instances for which
ratings were avallable.

2. Goniometer linearity, transaitter power output, timing oséillator
frequency, and gate tracking were not appréciadly affected by
temperature chanzes. Receiver sensitivity decreased, but ndt
excessively at low temperature.

3 Goniometer linearity was degraded following the humidity test,
but returned practically to normal 24 hours later. Transmitter
output was not affected by the humidity test. Receiver sensitivity
was degraded severely by humidity and did not recover (in set #1)
within 24 hours. The focus of the oscilloscope of one indicator
wag affected, but recovered 15 minutem after the test.

, The equipnment operated satisfactorily for 15 minutes at a pressure
equivalent to an altitude of 10,000 feet.

5. The equipment operated satisfactorily following the high
temperature (nonoperating) test.

6. The equipment operated satisfactorily during the vibration-
test except for the fallure of one tube while the direction
of vibration table movement was being changed from horizontal
to vertical.

7. The indicator operated satisfactorily with input power source
variations from 90 to 135 volts and 300 to 1000 cps, but the
transmitter~receiver AFC would function only between 110 and 120
volts. Detailed type test procedures and results will be found
in Appendix IV of this report.

6. Flizht Tests:

Installation:

Upon receipt of the first Antenna Assembly AS-368/AFN-57, 2 May 1947,
plans for installation of Altimeter AN/APY-57 in Photographic Laboratory
aireraft (type B-29, number 43-65223) were made. Because of the size of the
antenna the only location available for it was in the rear bomd bay (see
Figure 5). Transmitter—Receiver RT-125/APi-57 was installed in the rear
bomb bay on a nlatform dove the antenna mount (see Figure 6) so that the
waveguide transmission line would be as short as possible. Indicator
ID-EZZ/APN—57 was installed on a table in the rear pressurized section just
forward of the left scanner's position (see Figure 7).
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Fig. 5. Antenna Installation

1. Antenna assembly AS~368/APN-57

Fig. 6. Transmitter-Receiver Installation

1. Transmitter-receiver RT-125/APN-57

WADC TR 52-193 6




Fig. 7. Indicator Installation
1. Indicator ID-222/APN-57

Local Flight Test:

This flight was conducted in B-29, No. 4365223, on 11 July 1947
and was considered a performance demonstration of the altimeter by the manufac—
turer. The terraln flown over in this flight was rather flat, with a few
hills of less than 300 feet in height; during normal flight, banking, and
clinbing, the following observations were madesl

a. Performance of the AN/APH-57 was adequate down to 8,000 feet;
the exhibit requires operation between the altitudes of 10,000 and 35,000 feet.

b. The 3-pointer meter in the indicator was fairly steady and
easily read, but the error indicator was difficult fo read at times. The error
indications were much steadier over water (Lake Erie).

C. Over water at times the reflected signal momentarily became so
strong that the AGC reduced the amplitude of the indicated pulse about one-
third of normal., This is explained by the fact that the AGC of the AN/APN-57
had been adjusted for the flight tests conducted in the manufacturer's own
airplane (AT-11) which had a snall 18-inch parabolic reflector instead of the
high gain 60-inch reflector used in the B-29.

d. Over water, during banks, the signal pulse disappeared and
the hand on the 3=pointer meter tended to return to zero. Over land,
sufficient radiation was returned by scattering so that banking the airplane
did not hawe such an effect, althoush a slight increase in the indicated
altitude was noted.

WADC TR 52-193 7




(In a previous flight in the manufacturer's AT-11 with the
18-inch antenna the AN/APN-57 did not work nearly so well as in the B-29, The
former flizht had been conducted over hilly land, which may have been one
reason for the poorer performance of the AN/APN-57.)

It was concluded from this flight that: (1) the error indicator
night be difficult to read and photograph, (2) performance over hilly terrain 1
needed further investigation, and (3) there was a possibility that if the
airplane were not level a slant range error mizht be introduced.

Colorado Flight Test (Ausust 1947):

This wag another performance test of the AN/APN-SY conducted in B-29
Yo. 43-65223, over high mountains (12,000 to 15,000 feet), sandy soil, and
water. The course flown was west fron Lowry AFB, Denver, Colorado, over the
nountains toward lit. Powell, (13,53 feet) at an altitude of 20,000 feet. The
heading was then changed to sonth at 25,000 feet from Mt. Powell to lt. Elbert
(14,431 feet). The flight was then continued south at 30,000 feet over
Twin Lakes. This terrain included a large sandy plateau. The following

observations were nade:

a. Performance of the AR/APE;57 was gzood, except that once for
about 15 seconds the error scope displayed twe distinct pulses, one indicating
a positive, and the other a negative correction, paking it impossible to
determine whicikx to use as the correction. The terrain at this time was
nountainous and the ground coverage by the antenna beam more than 10acres;
nultiple reflections are common under such conditions, but the servo system
is ugually able to lock on the earliest and strongest signal.

b. The equipment perfornmed satisfactorily with a terrain clearance
of only 6000 feet, exceeding the exhibit requirement (10,000 feet) by a good

margin.
Photograshs were made of the indicators in operation, but because of
inprovised nature of the camera setup, the results were unsatisfactory. After

this flizht test program on the first model of AN/APR-57, the equipment was
returned to the contractor for revork.and for use as a guide in fabrication of

the remaining models.

D, Accuracy Tests:

Phoenix, Arizona (February 1919):

Phe first reworked egquipment was delivered in June 1948. A flight was
made over a ground-control area near FPhoenlx, with photographs made simul-
taneously of the ground, using type T~5 and T-9 aerial cameras, and of the
AN/APN-57 indicator readings. The film records were turned over to the Mapping,
Charting, and Reconnaissance Research Laborato.y, Ohio State University Research
Foundation, Columbus, Ohio, for analysis and computation on a photogrammetric
bagis. The AE/APN-57 average error was found to be +80 feet in 20,000 feet,
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exceeding the specified limit (t0.2$ of the indicated altitude.) The Pontractor
was therefore asked to eliminate this error. The complete report of these

tests is included in Ohio State University Research Foundation Technical

Paper 55, 30 April 1949, "Repart of Phoenlx Hission Accuracy Tests Made on Radlo

Altimeter AN/APR-HTH,

Ground Tests (First Series, July and Auzust 1949):

Since it was the opinion of the RCA engineers that the 80-foot error was
not entirely due to the altimeter and that the greater portion of the error
arose in the photographic scaling and interpretation, a ground test was
arranged. A surveyed range of 10,500 feet with stakes at 125~foot intervals
wvas laid out at Area C, WPAFB. A corner reflector, mounted on a platfornm
(see Figure 8) 30 feet high and 2000 feet from the nearest large object, was
used as the target. Altimeter AH/APH-57 vas installed in a panel truck with
the antenna directed out from the rear end of the truck (see Figzure 9). The
truck was then positioned so that the focal point of the antenna was directly
above one of the stakes. Readings of range were taken at 125~foot intervals
with various combinations of each of 15 equipments at ranges between 5000 and
10,000 feet. In 16 valid runs the average error was +42.6 feet. Complete
data are gziven in Appendix V.

Each indicator had either a partial or a major failure before completion
of the test. For this reason, and since the mean error of all the equipments
fell outside the exhibit limits, the equipments were all returned to the
contractor for repalr and study of the cause of the error.

Ground Tests (Second Series, October 1949):

Upon completion of the debugging process by the contractor the equipments
were returned to WPAFB., The second series of ground tests was conducted with
the assistance of the contractor's project enzineer, Mr. Keith Law. Based on
the results of the first series of ground tests a compensating Uerror¥ of
-40 feet was inserted during calibration. The mean error of 63 readings (see
Appendix VI) was now only =2 feet. It was decided that the equi_ment would be
accepted if it were proved that the same fixed error existed during flight
tests as that which was present during the ground tests, It would then be
possible to cancel this error by proper zero adjustment.

Tdwards AFB Accuracy Tests (March 1950):

The altimeter accuracy tests were made on the precision bombing range,
Bdwards AFB, Muroc, California, which has facilities for determining from the
ground the absolute altitude of an aircraft in flight (with a claimed accuracy
of +5 feet at 25,000 feet). These facilities were operated by the Aberdeen
Boubing Mission of the Army Ordnance Depariment.

WADC TR 52-19% 9
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Fig. 10.

Indicator and Photo Recorder Installation

1. Indicator ID-222/APN-57
2. Photo recording box
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The test procedure was as follows: The altimeters and associated camera
equipment were mounted in the waist of a B~29 (see Figure 10); the AN/APN-5T
transmitter-receiver and antenna were mounted in the rear bomb bay. The plane
vags flown at about 25,000 feet altitude on a course midway between two ground
camera positions. Synchronizing signals from a ground control position were
sent by radio to the alrcraft; these signals triggered a high intensity flash
mounted on the underside of the plane, and operated cameras located in front
of i.c AN/APN-57 indicator and bank and turn indicator. Thus at the instant
the shutters of the ground cameras were opened, the light on the plane flashed
and the cameras in the plane recorded the readings of all instruments involved
in the test. The flash from the plane produced a well-defined dot on the
plates of the two ground or "ballistic" cameras. This information enabled the
Ordnance personnel to determine the position of the aircraft in space with
reference to the cameras. Later, an accurate survey of the point directly
beneath the ailrcraft on the bombing range allowed the absolute height of the
aircraft to be determined. The synchronizing signals were coded in such a way
that the altimeter readings could be properly compared with the absolute height
of the aircraft as measured from the ground. Tests were made over the bombing
range during the week of 20-24 March 1950 (see Appendix VII for the test
orogranm and detailed resnlts). Successive passes with the aircraft in straight
and level flight and in various degrees of bank and climb were made. See
Figure 11 for a sample frame of the recorded data.

Pwo local flights were also made durlng this week, and the behavior of the
altimeter was observed over various types of terrain. On at least one occaslon,
while the aircraft was over heavy clouds, the AN/APN—ST indicator went to its
maximum 1imit, then soon returned to normal operation. At the same time, Radilo
Set SCR-~718-C and Radar Set AN/APQ-13 became unreadable. It is likely that the
combination of m ugh terrain and heavy clouds greatly attenuated and dispersed
both the transmitted and reflected signals. At all other times the AN/ APH-5T
operated normally in flight.

Accuracy tests were continuedthe week beginning 27 March, with the aircraft
at an altitude of about 16,000 feet. Passes over another type of ground camera
known as the Askania wem included; the Askania is somewhat more flexible to use
than the ballistic type, but the accuracy of measurement is not so good. 4
total of four different AN/APN-57 indicator units(No. 5, 7, li, and 15) were
used. Altitude readings were taken as the aircraft went through various
banking angles up to & maximum of 33°. The altimeter operated during even the
most severe bank, but the dial reading increased some hundreds of feet for
small banking angles (below 10°) and some thousands of feet at the maximum angle.

The foregoing tests were all run with the altimeter calibrated in the usual
faghion, without attempting to correct for the "calibration error," which had
been found to be approximately 40 feet in the ground tests. The average error
of 83 readinge over the desert near the dry lake, corrected for tilt (bank and
climb) but excluding all runs for which tilt angles were greater than 3%, was
41,9 feet, corresponding closely to the ground test error of 42.6 feet. Also
excluded were two runs during which the antenna feed was displaced 6° from its
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center position, and the last two runs, which were over the dry lake. During
the last two runs Agkanla cameras were used, because the flight 1 th was out

of range of the ballistic cameras; the errors of Altimeter AN/APN-57, Radar Set
AN/APN-L2(XA-2), and Radio Set SCR~718-C were all significantly changed in the
negative direction compared to the readings of the previous 17 runs. It is not
known which of the new conditions (dry lake vs. desert and Askania vs. ballistic
cameras) was responsible for this effect. Possibly both factors were involved.
It is a fact that servo-controlled pulse altimeters such as the AN/APN-57 and
AN/APN-42(XA~-2) will readhigher (other factors being the same) over rough
terrain than over smooth terrain, because of the multiplicity of slant range
reflections. Radio Set SCR-718~C is not a servo~controlled altimeter, but an
equivalent effect may have been present because of broadening of the leading
edge of the reflected pulse as seen on the indicator oscilloscope.

The average error of 83 readings uncorrected for tilt was 53.9 feet.
The minimum tilt-corrected error (average of a single run) was 21.2 feet
and the maximum was 57 feet. A summary of the run averages, with vector tilt
angles and tilt corrections, is given in Table I. Vector tilt is the vector
sun of the bank angle and the climb angle; the tilt correction is found by
subtracting from the measured (slant) height S, the guantity S cos a, where a
is the vector tilt angle.

. It seems to have been shown that Altimeter AN/APN-57, because of its
‘narrow beam, measures slznt height rather than vertical height, and that it is
therefore necessary to 2pply a tilt correction. This implies that the
attitude of the aircraft must be known, either from bank and climb indicator
data, or from some other type of sensing device. However, the application of
the tilt correction becomes ineffective for (vector) tilt angles greater than
about 3°. It is possible that at angles greater than 3° the reflected signals

~are t0o weak to maintain tight control of the servo system.

" B. Antenna Pattern Measurements

Measurements of the radiation pattern of Antenna Assembly AS-368/AFN-57

-were made on 15 and 16 September 1949 with facilities of the Air Force

'™

Canbridge Research Laboratories. One object of these measurements was the

" determination of the effect of tilting the antenna feed off-center, A complete
'raﬁprt including graphs is attached as Appendix VIII.

F. Life Test

Two Altimeter AN/APN-57 were selected on 3 July 1951 for purposes of life
test. These sets were made up of the followlng units:

Set No. 1
RT-125/APN~57 Serial No. 3
1D-222/APN~57 Serial No. 15

Set No. 2
RT-125/APN~57 Serial No. 4
1

1D~-222/ APN~57 Serial No.

3
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Test conditions were established as continuous operation during the normal
working day in a +55°C ambient atmosphere and with power input voltages of
29 volts DC and 115 volts L0OO cps AC.

Life testing was started on 13 July 1951. Nine serious failures occurred
from that time up to 21 July 1951. On the latter date, set No. 1 had run
41.6 hours; set No. 2 had run 48,8 hours. Consideration of this poor performance
together with the age of the sets prompted their discard on the bagis that they
were nearly worn out and life test data obtained on them would be of little value
in evaluating the merit of the design.

Two new sets were obtained and put on life test on 2 August. These sets
were made up of the following components!?

Set No. 3
RT-125/APN~57 Serial Ho. 12
ID-222/APN-57 Serial No. 13

Set No. L
RT-125/APN~57 Serial Fo. 11
1D-222/APH~57 Serial No. 16

These sets were operated until 11 October. During the test period, 230 running
hours were accumulated on set No., 3 and 219 running hours on set No. 4., As
spare parts had become difficult to get at this time, the tesfiswere terminated.
All failures are tabulated in Appendix IX,

During these tests, the most common failure occurred in the modulator unit
power supply transformer, T-270., Thig transformer supplies high voltage to a
conventional full-wave rectifier which supplies 35 ma., at 1250 V,

An identical power supply was built on a breadboard and it was found that
none of the spare transformers could deliver 27 ma (3/4 load) without burning
out. Because of the type contruction used in these components, the internal
breakdowns could not be investigated thoroughly. The high surface temperatures
reached on these transformers at 75% load indicated improper design. All
failures of this component with one exception showed a short-circuited secondary.
The one exception had a short from secondary to primary to ground.

The other failures were checked to ascertain whether thoge component parts,
all standard, were being operated within their ratings. With the exception of
a slight over-voltage on three tubes, V-423, V-702, and V-350, operating
conditions were within the ratings. The exact cause of failure of these standard
component parts cannot be ascertained on this quantity of data and the possibility
of their being overrated will be studied by the Design Analysis Section of the
Aircraft Radiation Laboratory in connection with data being collected on other
equipments.
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SECTION 1V - CONCLUSIOXS

It is concluded that:

a. Altimeter AN/APN-57 meets the accuracy requirements specified
in the exhibit, provided a compensating error of -UZ feet is inserted during
calibration, or if U2 feet is subtracted from the altitude readings during
data reduction, It is believed that this so—=called error arises during the
calibration procedure and is not inherent in the altitude measuring circuitry
of the equipment. The equipment is calibrated (set to zero) by allowing the
nain bang to actuate the ranging system. The high power of the main banz cauvses
it to ride past several i-~f amplifier stnges, arriving at the detector sonner
than does the considerably wvealzer signal from the ground. Further work on the
equipnent should inclnde an investization of means of reducin;; or elininating
this calibration error.

b. The ne:zd for antenna stahilization was demonstrated by the
apparent increase in indicated altitude caused by banking the test aircraft
as little as 3°. Purthermore, tilt correction is not effective for vector tilt

angles greater than 39,

c. e need for a precise, fixed position of the antenna feed vas
demonstrated during the antenna pattern nensuremsnts, when displacing the feed
off-center by only 30 minutes of arc caused the antenna bean—vidih to increase

by 35% (from 1.7° to 2.3°).

d. The mize of the antenna (60-inch diameter) nmalzes its installation
impracticable in any but large aircraft, and even then it is somevhat difficult.
Future development of the eguipment should include investijzation of higher
carrier frequencies, which would permit the same or narrower antenna beamvidth

to be obtained with a smaller antenna,

e. The few deficiencies revealed by the type test and the nuwaber
and type of fallures experienced in the life test show that the use of Trans-
nitter-Recelver RT-69/APS~10 as a part of Altimeter AN/APK-57, while probably
justified fron the standpoint of expediency, was not so successfuvl fron the
standpoint of performance and rellability as a new design would have been.

f. The present systea of photographic recording of altitude in-
dications with subsegument data reduction is not desirable. Vorlz is now being
conducted on a chart recording attachment for Altimeter AN/APN-57. Although
this attachment does not record altitude variations appearing on the error
scope, an operational technigue proposed by the Fhotographic Reconnalssance
Laboratory subsequent to the design and delivery of Altimeter AH/APH—57,
wherein radio altitude readings are taken only over flat and level stretches
of terrain, would peruit the rapid variations of the error scope indic~tions
to be neglected. It is envisaged that the ultimate mapping and charting
system would dispense even with the chart recorder, for by the use of dipital
computer technigues (for example) it is conceivable that radio altitudes, and
eventually-altitudes above sea level (of the terrain below the mapping aircraft)
could be printed in numerical form,
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SUBJECT:
PLACE:
DATE:

1.

APPENDIX I

CONFERENCE REPORT (Bxcerpt)

Vertical Control and Shoran
Wricht Field, Radar Laboratory

3 January 1946

& conference was held in Building 150, Wright Fleld, Dayton, Ohio.
Those present were!

Col. Karl L. Polifka, A.C.

Col.J. F. Setchell, A.C.

Lt. Col. C.A. Thorpe, 4A.C.

Lt. Col. C.I. Asglakson, 4.C.

Lt. Col. Philip C. Doran, A.C.

Maj. F. J. Hickman, A.C.

Maj. W. I. Grieve, A.C.
Maj. T. W. Barfott, A.C.
Maj. H. W. Collar, A.C.

Maj. Harry L. Coggin, A.C.

Maj. Robert H. Kingsley, A.C.
Maj, W. T. Latham, A.C.

Maj. Elden Sewell, C.E.

lst Lt. W.M, Adkisson, S.C.
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311 Recon. Wing,
Buckley Fleld, Colo.

311 Recon. Wing,
Buckley Field, Colo.

AC/AS-3, Requirements, Hq. AAF

311 Recon. Wing,
Buckley Field, Colo.

311 Recon. Wing,
Buckley Field, Colo.

AC/AS-Y4, R&D, Hq. AAF

Photo Lab., BEng. Div,,
Wright PField

311 Recon. Wing,
Buckley Field, Colo.

Radar Lab., Wright Field
Aeronautical Chart Service,
36th AAF Base Unit,
Washington, D. C.

36th AAF Base Unit

36%h AAF Base Unit

Engineer Board, Aerial Phecito Br.

Wright Field

311 Recon. Wing
Buckley Field, Colorado




Capt., J. E. Henry, A.C. Photo Lab:, Wright Field

Capt. A. Zueskal Radar Lab., Wright Field

lst Lt. E. C. Evans Photo Lab.,, Wright Field

Mr, John Keto Chief Engineer, Radar Lab,

Mr. N. B. Hogenson Project Admin. Elec. Subdiv.
Wright Field

Mr. Bugene Warnock R Radar Lab., Wright Field

Mr, J. W. McCollister Photo Lab., Wright Fleld

Mr. Jack Yolles Pire Control Br., Radar Lab,

Mr. D. Dingwall Englneer Board

Mr, S. A. Segen Fire Control Br., Radar Lab.

Mr, M. Skoller Fire Control Br., Radar Lab,

Mr. William Dean Radar Lab., Wright Field

2. Mr. Keto stated that the purpose of the conference was to determine
the reyvirements of the 311lth Reconnaissance Wing regarding present and
future needs for vertical control in nphotographic mapping. Colonel Polifka
stated that an instrument was needed which would measure altitude accurately
to one foot per 1000 feet of altitude. His main objective was to increase
the speed of compilations in photographic mapping and insure accurate maps.
Present baronetric altimeters are not sufficiently accurate. Radiosonde
observations are being used in present tests to assist in obtaining altitude
readings correct to plus or minus 50 feet. For accurate contour mapping
liaprovenents are necessary in both radio and barometric altimeters. A large
nunber of radiosonde stations are necessary for this accuracy.

3 It was decided to state the requirements of the 311th Reconnalssance
Wing as:

A, Inmediate requirements.

B. Future requirements, final tyye of equipment needed for
accurate mapping.
4, These requirements are summarized below:

A, IMMEDIATE RE<UIREMTNTS:
(1) Accuracy: In order to prepare satisfactory contour

maps, & device 1ls needed to measure the altitude with an
accuracy of at least plus or minus one foot per 1000 feet
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(2)

(3)

()

(5)

(6)

(1)

of altitude. This is a desired objective. However, a
minimum accuracy of plus or minus 2 feet per 1000 feet of
altitude would be acceptable at the present time. For
charting, an accuracy or plus or minus 5 to 8 feet per
1000 feet of altitude would be satisfactory. Radar
Labvoratory personnel stated that the SCR-718 is accurate
to approximately plus or minus 25 feet at any altitude.
Thig neets the contour mapying requirements stated adove
when the aircraft is flown above 25,000 feet. Because
of the relatively broad antenna pattern of the SCR-T18,
satisfactory observations are possible only over water
or ¥lat terrain,

Altitude: In use, such a device would operate from a
minimum altitude of 10,000 to a nmaximum altitude of
35,000 reet. The usual altitvde at which this device
would be used would be 16,000 to 20,000 feet.

Beam Wigth: 7TFor immediate use, the 311th Reconnaisgsance
Wing agreed to accept an effective beam width of 1.3°
since Radar Laboratory stated that the present 60-inch
X-Band dish has a beam widtir of 1.3° and it night be
nossible to nake use of this antenna.

Stabvilizationt It was desirable that the altimeter antenna
be stabilized with the vertical axis of the camera,
However, present cameras are not satisfactorily stabilized
and it was felt that it would be extremely difficult to
gtabilize the 60-inch dish. It was decided that a fixed
antenna would be acceptable., The antenna wonld be secunred
to the aircraft so that the bean wourld project vertically
to the ground when the ailr,lane is in level flicht.

Schednle: The first two B-29 control aircraft are to leave
in July 19465. It was not expected tnat vertical control
equipment could be installed in these aircraft by that time,
although under an emergency developnent flight test nodels
might be available.

Quantity Requirements: The imnediate reguiren~nt of the
311th Reconnaissance Wing is 16 equipments, 8 installation
and 8 spares.

Indicator: The desired type of indicator is the Marker—Pip
type with dials, giving a direct readiny as in the AN/APN-3,
However, the SCR-T18 type of indicator can be flown with
scope cameras and would be acceptable. RCA is now developing
the APN-U42 direct reading altineter to be flown in July 1946.
It may be possible to use such an indicator. It may also be
possible to use the Shoran airborne indicator working with
the APS-10. These possibilities must be investi-ated.

2l




B. FUTURE REQUIREXTNTS:

The requirements listed below are for equipments to be
developed by a long range development program and will give the ultimate
desired results for photographic manping,

(1) Accuracy: Plus or minus one foot for each 2000 feet altitude
is desired and plus or minus one foot for each 1000 feet is

acceptable.

(2) Altitude: Equipment would be used chiefly from a minimum
altitude of 10,000 feet to a maximum altitude of 35,000 feet
with the usual altitude being 16,000 to 20,000 feet. If
possible, the mininmum altitude should be extended to permit
observations over high mountains.

(3) Beam VWidth: The eguivalent beam width should be as narrow
ag possible consistent with assoclated equipment, or about
0° 5! or less.

(1) sStabilization of Antenna: The antenna should be coupled
to the camera such that the vertical axis of the antenna
is parallel to the vertical axis of the camera at all times.

(5) Schedule: Future,

(6) Quantity Reguirement: Unknown. The Coast and Geodetic
Survey, Navy and Army charting and mapoing services should
be consnlted.

(7) 1Indicator: The exact type of indicator that would best suit
the needs of all concerned should be investigated by the
Radar Laboratory.

5. Mr. Keto stated that under normal present procedures several months
world be reyuired to nlace a contract for the type of equipment under discussion,
provided Hy. AAF granted the necessary authority. This time could be shortened
by malzing this prograwm an emergency procurenment.,

6. In order to zive the best possible accuracy of barometric altimeter
readinzs during the mapplng operations, it may be advisable to install radiosonds
stations at 200 mile intervals around the area to be photographed. Daily radio-
sonde readings would nermit the making of pressure charts and would correct
the barometric altimeter readings.

Aldrich Zmegkml
ALDRICH ZMESEAL, Captain, A.C
Radar Laboratory
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SUBJECT:

T0:
1.
2.
3.

WADC TR 52-193

APPEIIDIX II Mr. M. B. Laners:

ngr tTSTEX: 5-6189
ABMY AIR FORCES
HEADQUARTZS,
AIR IATERIEL COLL.aAND
TECHNICAL INSTRUCTIONS
TI-2204%, Addendunm Yo. 1
System of Vertical Control for Map-ing and Chartinz

gineering Division
(=3

Problem Presented:

a. To develop and test a vertical control radio alti-
meter for mappinz and charting, and to procure sixteen (15)
ecuipments, eisht (8) of which will be installed in aireraft
and the remaining (8) will be rsed as snares.

FYactual Data:

a, Project established will cover the development and
testing of accurate vertical control equipment which can be
used for mapyning and aeronautical charting.

b, To assure a near future utilization of such equip~

ment 1t will be necessary to establish a two-phase develop-
mental progran. The first nhase will consist of ainterin
program requirements as established by Inclosure 1 which is
attached to the action co - of this TI. The second phase will
be a long range program consisting of final type equipment for
accurate mapping and charting requirenents as established by
Inclosure #2 also attached to action copy of this TI.

Authoritxx

a. (G, AAF by ond indorsement dated 29 March 1946 from
AFDRE-2F/1 to lst indorsement: dated 18 Januar, 1946 from
TSELR2A and basic letter Gated 19 November 1945, subject:
"System of Vertical Control for Mapping and Charting.®
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4, Action Desired:

a. Engineering Division will:

(1) Establish a development program to accomplish that
vwhich is stated in "Problem Presented", as further
implemented by ®Factual Datal,

(2) Procure sixteen (16) sets of equipment.

b. A priority of 1-A is assigned to this project for all
phases of this program.

BY COMMAND OF LT. GENERAL TWINING::

/s/ M. B. Lammers

R. K. TAYLOR
Brigadier General, USA
Chief of Administration

cect Maintenance Division
Supply Division
Procurement Division
Flight Test Division
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IMMEDIATE INTERIM EQUIPMENT

1. Accuracy - In ader to prepare satisfactory contour maps, a device
is needed to measure the altitude with an accuracy of at least plus or minus
one foot per 1000 feet of altitude. This is a desired objective. However, a
minimum accuracy of plus or minus 2 feet per 1000 feet of altitude would be
acceptable at the present time. For charting, an accuracy of plus or minus
5 to 8 feet per 1000 feet of altitude would be satisfactory.

2. Altitude - In use, the equipment will operate from a minimum altitude
of 10,000 feet to & maximum altitude of 30,000 feet. The usual altitude at
which this equipment will be used will be approximately 16,000 to 20,000 feet.

3., Beam Width -~ For immediate use, acceptable effective beam width of
1.3° It is possible that the 60 inch X-band antenna which has a beam width
of 1.3° may be utilizéd with this equipment.

4, Stabilization - It was desirable that the altimeter antenna be
stabilized with the vertical axis of the camera. However, present cameras
are not satisfactorily stabilized and it was felt that it would be extremely
difficult to stabilize the 60 inch dish. Present cameras are not satisfac-
torily stabilized; therefore, it may be extremely difficult to stabilize the
60 inch antennae. A fixed antenna will be acceptable. The antenna to be
secured to the aircraft so that the beam will project vertically to the ground
wvhen the airplane is in level flight,

5 Schedule = The first two B~-29 control aircraft are to leave in
July 1946. It is not expected that vertical control equipment will be installed
in thege aireraft by that time, although under an emergency development flight
test models might be available.

b Quantity Requirements = The immedliate requlrement is for sgixteen
(16) equipments, eight (8) for installation and eight (8) spares.

7. Indicator - The desired type of indicator is the Marker-Pip type
with dials, giving a direct reading as in the AN/APN—}. However, the SCR-T718
type of indicator can be flown with scope cameras and would be acceptable.
RCA is now developing the APN-U42 direct reading altimeter to be flown in
July 1946. It may be possible to use such an indicator. It may also be
possible to use the Shoran airborne indicator working with the AN/APS-10,

Inclosure #1 [fo TI-220L, Add. No. 1}
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FINAL EQUIPMENT

The requirements listed below are for equipments to be developed by a long
range development program and will give the ultimate desired results for photo-

gréphicmapping,

1. Accuracy - Plus or minus one foot for each 2000 feet altitude is
desired and plus or minus one foot for each 1000 feet is acceptable.

2. Altitude - Equipment to be used primarily from a minimum altitude of
10,000 feet to a maximum altitude of 35,000 feet with the usual altitude being
16,000 to 20,000 feet. If possible, the minimum altitude should be extended

to permit observations over high mountains.

>

3. Beam Width - The equivalent beam width should be as narrow as possible
consistent with associated equipment, or about 0° 5' or less.

4. stabilization of Antenna - The antenna should be coupled to the
camgra such that the vertical axis of the antenna is parallel to the vertical

axis of the camera at all times.

He Schedule ~ Future.
6. Quantity Requirement - Unknown

7. Indicator - The exact type of indicator that would best suit the
needs of all concerned should be investigated.

Inclosure #2 (to TI-220L, Add. No. 1]
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APFENDIX III
Exhibit ¥A® to CONTRACT W 33-038 ac-15029 2 May 1946

DESCRIPTIVE REQUIREIFNTS
FOR

VERTICAL CONTROL ALTIIETER EJJIPMENT

A, APPLICABLE SPECIFICATIONS

A-1. The followinz specifications and drawings of the issue in effect
on the date of the request for proposal form a part of this exhibit:

A-la., AAF Tentative 71-854 Aircraft Electronic Bguisment,
Specification General Specification for
A-1b. Joint Army-Yavy JAN~-I-225 Interference leasurement, Radio,

Methods of, 150 Xilocycles to 20
Mesacycles (for Components and
Complete Assemblies)

JAN-C-172 Cases and Mounting Bases, Radio,
Aircralft.

B. TYFES

B-1. The equipment covered by this exhibit consists of ‘the following
listed component parts of Vertical Control Altimeter Equipment, each part to be
complete except as indicated. Only those parts specifically listed in the
contract, and in the guantities therein stated, will be furnished by the con-
tractor.

Part No. Wame and Description
1 Transmitter— Receiver
2 Mounting Base for Transmitter-Receiver
3 Indicator
4 Mounting Base for Indicator
5 Antenna Assenbly
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B-2. The correct nomenclature for Vertical Control Altimeter Equipment
and each of its major components will be supplied to the contractor by the
Government as soon as available. The furnished nomenclature must be used on
the respective ldentifying labels, in instruction books, correspondence and
at all other times when maling reference to the equipment.

C. LATERIAL AND WORKIAWSHIP

C-1. This eguipnent shall comply with the requirements of Section C of
AAF Specification No. 71-854 (see parasraph 4-la.), with the following
exceptions:

C-la. Delete references to ¥Signal Corps Drawing No., SC-D-10381% in
Paragraphs C-8 and C-30, AAF Specification No. 71-854 and substitute M"JAN-C-172%,

D. GZIVERAL REQUIREHENTS

D-1., This equipment shall comply withthe requirements of Section D of
AAF Specification No. 71-854 (see Paragraph A~la.), with the following

exceptions?
D-la. Delete Paragraph D-1d in its entirety.
D-1b. Delete Paragraph D-1g(1) (a) and substitute the following:

"Conducted Noise. The conducted radio~frequency voltage produced by
the operation of this equipment on wiring leading from this equipment to other
equipments in the aircraft and between this wiring and ground shall not exceed
50 nicrovolts over a frequency range of 0,150 to 20 mezacycles. The test
nethods nsed to determine the extent of radio interference shall be as described

in JAN-Specification JAN-I-225 (see paragraph A-la, above). The contrzctor
shall perform the interference tests and submit the results to the Contracting

Officer."

D-1lc. Chanze Paragraph D-2c to read: Mest period shall be thirty days,
with the equipment in operation two hours out of each 2u.M

D-1d. A4Ad a new Paragraph D-T7 as follows:

"D-7. Vulnerability to interference. The equipment shall be in-
vulnerable to interference of the types likely to be encountered while installed
and in use in military aircraft, to as high a degree as practicable.!

D-le. Delete Paragraph D-2a(3), substitute, "Altitude. - Operation at

barometric pressures corresponding to a range of from 10,000 to 35,000 feet
altitude above sea~level (sea-level barometer at 30 inches of mercury).
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D-2. The Government will furnish the contractor with all Transnitter—
Receiver 32-69/APS-1O units for modification, and incorporation into each
Vertical Control Altimeter Equi ment procured. Other components mentioned
in this exhibit will be available to the contractor as stipulated in the
contract.

E. IBTAIL REQUIRENMINTS.

E-1, General. - This exhibit covers a type of high-altitude radio
altimeter desizned to provide hizhly accurate readings of distance above terrain
by using a narrow antenna bean—widih and other necessary refinements. It is
intended to replace Radio Set SCR-718-C in a map,ing and charting systen.
Modulator, transnitter, and receiver circuits will be those of Radio Set
AN/APS-10, modified; timing and indicating circuits will be those of Radio Set
All/APN-3 (Shoran), suitably modified.

B-2. BRenge. The range of altitudes throush which this equipment will
perform shall be from 10,000 to 35,000 feet,

E-3. Accuracy. The error in indications shall not exceed +0.2 percent.
Desired figure is £0.05 percent.

E-4. Indication. Presentation shall be similar to that of Indicator
ID-17/APN-3, utilizing pip-matching and dial or counter reading

E-5. Transnitter—-Receiver. The Transmitter-Receiver shall be Transmitter-
Receiver RT-69/APS~10, suitably modified by increasing the prf, reducing the
pulse width, and increasing the i-f band-width. -These modifications shall be
made in keeping with the shorter range and greater accuracy required. This unit
will be furnished the contractor by the Government.

E-6. Indicator. The Indicator may be similar to Indicator I-152-0
(part of Radio Set SCR-718-C), but incorporatinz necessary features of Indicator
ID-17/APN-3 (See paragraph E-lIt). Size shall not exceed 1.8 cubic feet and welght
shall not exceed 60 pounds. All operating controls shall be on the front panel
of the indicator unit.

E-7. Antenna. The antenna shall include a parabolic reflector not nore
than sixzty inches in diameter, such that the beam-width at half power does
not exceed 1.55 plus or minus 0.,1° with the beam centered. The rodiated field
strength of any of the minor lobes shall be at least 20 db below that of the
major (central) lobe. Mounting facilities shall be as nearly identical to those
of Antenna Assembly AS-291/APQ as practicable. The antenna assembly need not
be stabilized.

B~8., Performance. Performance shall comply with reguirements of this
Exhibit at all altitudes between 10,000 and 35,000 feet, over all types of
terrain, including ice, snow, mountalns, and desert.
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¥, MBETHODS OF IITSPECTION AND TEST

F-1. The requirements of Section F of Specification No. 71-854 are
applicable with the exceptlon of Paragraph F-2a, which is deleted.

G. PACKAGING, PACKING, ANI'D MARKING

G-1. See the contract for applicable requirements.

H. NOTES

H~-1. Copies of the specifications referenced in paragraph A-1l may be
obtained from Commanding General, Air Materiel Command, Wright Field, Dayton,

Ohio.

Notice. When govermment drawings, specifications, or other data
are used for any purpose other than in connection with a definitely related
government procurement operation, the United States Government thereby
incurs no responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the said
drawings, speclfications, or other data is not to be regarded by implication
or otherwise as in any manner licensing the holder or any other person or
corporation or conveying any rishts or permission to manufacture, use or sell
any patented lnvention that nay in any way be related thereto,
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By RCA Victor Division. Camden, New Jersey

APPENDIX IV
TYPE TEST OF ALTIMETER AN/APN-57

Spot Temoeratured - Unit #l Specification 71-854-a, pai'agraph D-1n

Conditions of Test$

1. The points at which temperatureswere measured were
selected as the hot spots (in terms of component ratings)
as deteranined by tests on an earlier model.

2. Anbient room temperature 26°C.

bench.

Bquipment operated on open

3. Temperatures measuralby thermocouples inside dust cover,
and thermometers outside dnst cover.
transformer windings was debtermined by calculation from

change of resistance in the windings.

Temperature rise in

4, Duration of test two hours, approximately, sufficient to
reach temperature stabilization.

5. Line voltage measured at 120V (High 1limit) 400 cycles.

6. For first hour servo was balanced on an echo sismal.

For

second hour servo was mechanically tied off balance so
that maximun input power to the servo motor was obtained.

Top of Case of Power
transformer

Filter capacitor
near regulator

Servo transformer Case

Capacitor on Video
Amplifier

Multiplier Coil
Deflection Ghassis

Side of case of
heater transformer

WADC TR 52-193%

Measured rise HMeximum outside Expected Maxinum
above outside ambient Spec. Maximum rated
asbient 71-854-a temperature temperature
temperature D-2a, (1)(a) of part of part

9.7 55 9.7

28 55 83 85

24,9 55 13.9

17.8 55 72.8 85

17 55 12 85

20.2 55 75.2
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Heasured rise Maxinun outside Expected Masiimun

above outside ambient Spec. Haxinun rated
. asbient 71-854-a texperature teuerature
1 tereratur D-22, (1)(a) of part of nart
* Heater transforuer 33.5 55 88.5 105
. privoary vinding
* Servo transformer

secondary winding 355 55 90.5 105

Beuipnent Gperatin:: (Te.percture Test)  Unit #1
'y Fy . 'L

Purpose:

Resvltgi=-

1.

Specification 71-854-a narasraph D-2a(1)

To determine the effect of temperature on eqnijment operstion, the
follovinz were neasured over the tewperature ran_e -H5°C to +71°C:

1. The tewperature characteristic of goniometer linearity.
2. The transuitter power outyput.

3. The receiver sensitivity.

4,  The crystal oscillutor freyuency.

5. The- troclking of the 3 XC zate pulse and the 100 KC trisger
pulse ~t the mixer.

The equnipnsnt performed continuously throughout the tests.

The servo nechanism gonloumeter—compensator combination malzes one
conplete revolution for each H000 feet of altitude so the data was
teken only over that range and the information gained applies at each
nultiple of 5000 feet.

If the goniometer compensator were ideally adjusted, the characteristics
curves shown on nage 32 wvhich were talzen at room temnerature +29°C
would be strailght horizontal lines. Also if the goniometer itself were
ideal, the characteristic plotted at different temperature, such ag
+559C, wonld also be 2 straight horizorntal line. Then in equipment
operation at another temperatvre any shift in the position of this
characteristic straight horizontal line with respect to the one at room

*measured by change in resistance
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tenperature could be corrected for by putting the "Operate-Calibrate®
switch in the "Calibrate® position and adjusting the "zero pulse®
knob. After calibration the equipment would give correct indicztion
of a2ltitude.

Vhen these characteristics for room temperature were plotted, the com-
pensator was not ideally adjusted, hence they are not straight hori-
zontal lines, however, since the change of temperature is vhat ve
wanted to know from this test, the initial compensator adjustment did
not matter. The difference betveen the curves for different tempera-
tures which actwally shows the change of goniometer characteristic for
tenperature charnje gives us the linits or spyread in error of altitude
indication resulting from temperature chan-e.

Ideally in egnipment operation the goniometer-conpensator wonld be
adjusted so that the characteristic at roow tenjeratnre wonld be a
straizht horizontal (linearity of Unit #l was acjusted to a spyread
of 2 feet prior to shipment) line, then at operatior ~t some othsr
temperature, the characteristic to be expected would be the super-—
position of the temperature characteristic on the straizht line. A
shift in the average position of the straignt line can be corrected
for by adjustment of the "zero pulse knodb during equipment calibration.
Since the overall characterigtic at this other temnerature is not
flat the 1imit of inaccuracy is now plus or ninus the spread of

the temperature characteristic,

If there were no error of altitude indication introduced as a result
of temnerature chansze, the temperature characteristics shown on najes
pages 32 and 4O would have been straight horizontal lines and the
spread zero feet and the inaccuracy wounld be & zero feet.

The spread of the temperature characteristic shown on the graph on
page 32 is § feet resmlting from temperature chanze from

29°C to +559C.

The snread of the temperature characteristic shown on the graph
aze 4O is 6 feet resulting from temperature chanse fronm

+309C to -53°C.

As a fizure of accuracy of these measurements it was found that under
the test conditions in reading linearity curves, the curves could be
duplicated to within 2 feet or less.

4, The transmitted power unit was measured and found to be constant
within 0.3 db (better than the measurement accuracy) over the t emperature range

of =53°C to +55°C.
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5. Receiver sensitivity was very little affected by temperature changes.

6. Notice that receiver sensitivity measvrem=nts are 21l nade at the
same 10,000 feet altitude position. This is done because the shape of the
cyclic pulse is such that below about 7000 feet of altitude the trailing edge
of the cyclic pulse will cause readings of A.G.C. voltage which vill vary
depending upon the altitude at which the measurements are nade.

7. The A.G.C. voltage developed is also dependent vzon the value of the
A.G.C. Delay Voltaze a2t diode VH22. This delay voltage varies ~ccording to the
tolerance of the value of the resistors R527 and E528 and is nominally at +75

to +30 volts.

8. Measurements made on the frequency of the 98 KC crystal oscillator
clrait during the temperat ure tests showed a changze of freguency of =3 cps
when the temperature changed from 30°C ambient to +55°C ambient and a change of
+4 cps when the temperature changed from 30°C to -L6°C.
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SUBJECT TYPE TEST RUHN AT +29°0
Unit Serial No. 1

GOXIGiETER LINEBARITY RECEIVZR SENSITIVITY
At 10,000 feet altitude
ALTITUDE DEVIATION IF FEET ATTENUATOR A,G.C.
HEADIYG VOLTAGE
IEET DB Volts :
15,000 0 0 ~5.1
750 -1 5 ~k4.8
500 -3 10 4,35
250 0 15 ~3.65
1k, 000 0 20 -2.5
500 -2 30 0
250 -2 31 Servo Loses Control
13,000 -1
750 -1
500 -1
250 -1 A.3.C. VOLTAGE)
OF LAIN Bang) —o-3 VOLTS
12,000 -2
750 -4 MAGNETRON
POWER OUTPUT DB
500 -3
250 -3 HAGHETRON
FREQUENCY MC
11,000
750 ™ SERVO 50 ¥T
OFF TRACKING AT DB
500 -3
Jaland -2 b

0 Date April 12, 1948
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TYPE TEST =UN AT +55°C
Unit Serial No. 1

GONIOMETER LINEARITY

ALTITUDE
FEET
15,000
750
500
250
14,000
750
500
250
13,000
750
500
250
12,000
750
500
250
11,000
750
500
250

10, 000

WADC TR 52-193

DEVIATION IX FZET

37

RECEIVER SENSITIVITY
At 10,000 feet altitude
A,G.C.

ATTENUATOR

EEADITG
DB

0

5
10
15
20
25
30

34 Servo Loses

A.G.C. VOLTAGE)
U MAIN BALG )

MAGNETROHN
PCWER OUTPUT

MAGIETRON
FREQUENCY

SERVO 50 FT
OFF TRACKING AT

Date

=5.3

April 12, 194g

YOL
Yo

Control

VOLTS

DB

MC

DB

TAGE
lts

=5.3
-4.9
-4.5
-3.8
-2.75
-0.9

0




TYPE TEST RUN AT +30°C FOR TE!PERATURE CHARACTERISTIC
Unit Serial No. 1

GONIOMETER LINEARITY RECEIVER SENSITIVITY
At 10,000 feet altitude
ALTITUDE DEVIATION IN FEET ATTENUATOR A.G.C.
READING VOLTAGE
FEET DB Volts
(10 ¥ scale)
15,000 -2 +2 0 ~5.4
750 -3 -1 5 -5.1
500 =3 -1 10 -4.7
250 0 +2 15 -1
(3 V scale)
1k, 000 +1 + 20 -3,1, -2.9
750 -2 +2 25 -1.4
500 +1 +3 30 0
250 -2 +2 34 Servo loses control
13,000 ) +2
750 -2 +2
500 -1 0 A.G.C VOLTACE) -5.% VOLTS
ON MAIN BANG )
250 -2 +1
12, 000 -5 0 HMAGHETRON 12
POWER OUTPUT 6 DB
750 -3 -1 , 20
3€
500 -4 +2
250 -3 +1 HAGNETRON 9347 M
FREQUENCY
11,000 -2 0
750 -3 0 SERVO 50 FT
OFF TRACKING AT DB
500 -3 -1
250 -2 -1
10, 000 0 0 Date April 13, 1948
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TYPE TEST RUE AT -F3°C FOR TEMFERATURE CHARACTZIISTIC
Unit Serial llo. 1}

GONIOMETER LIUEARITY RECEIVER SZISITIVITY
At 10,000 feet Altitude
ALTITUDE DEVIATION IN FEET ATTEIUATOR A.G.0C
READING VOLTAGE
FERT DB Volts
(10 V scale)
15,000 +3 +1 0 =5.5
750 +1 0 5 -5.0
500 +2 -2 10 ~L.h5
250 + +3 15 -3.15
(3 V scale)
14,000 +5 +3 20 -1.8, -1.7
750 +2 0 ol 0
500 +4 +2 29 Servo loses control
250 +2 +1
13,000 +2 +1
750 +2 -1
500 +2 -2
250 0 -2 A.G.C. VOLTAGE) -6.0 VOLTS
ON MHAIX Bal'G )
12,000 0 -l
750 -1 -3 MAGHETRON 11.7
POWER QUTPUT 6.0 DB
500 0 =3 20.0
37.7
250 +1 0
11,000 +1 -1 MAQTETRON 9364 MC
FROGENCY
750 -1 -1
500 -4 -1 SERVO 50 FT
OFF TRACKING AT DB
250 -1 -1
10, 000 0 0 Date April 1Y, 1948
WADC TR 52-193 39
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Measurea~nts uade on the =nixer pulse at JME to determine how well
the 10C XC pulses tracked in ti:e 3 KC gate pulse, show that as the servo
rototes at a fixed teuperature the shift of the 100 ke trigser pulses with
respect to the gate pulse is less than one microsecond. VWhen the temperature
vas changzed from 30°C zibient to -53°C nubient the trijger pulse hovever,
noved 3 nicroseconts toward the leading edge of the gate pulse althoush it
stayed close to this position as the servo rotated. This shift was still within
safe linits but ewphasizes the importance of hoving the corract alignment ad-

Justnent of the trigzer ,ulse ceintered in the gate when the equipment is operated

2t rooim teumnercture 30°C.

-Byuisnent Cperctin~ (Hunidity test) Unit #l - Specification Fo. J1~85U-a
naraszraoh D-2al2)

Conditionss

1. Bquipument in test chamver operated ghile aablent teiperature
varied from =559 to +50°C with 1005 humidity.

2. Although concensation tookx place in and on the equipment in the
forz of both water and frost, the equijnent operated continuous-
1y,

3. Detailed data wes not talzen on this test.

Results:

1. The equipment operated properly all during the tests.

Bquipnent Operating (Altitude Test) Specified maximum altitude operation
31,000 Fset.

Conditions of Test:

1. Egnipuent in altitude test chamber and operating with ambient
tenperature 30°C.

2. Chamber evacuated until pressure reached equivalent of 40,000
feet of altitude and remained so fer a period of 15 minutes.

Results of Test:

1. EBquipnent operated continuously and no change in performance
was observed.

ADC TR 52-193 L2




Equipment Non-Operating (Temperature test) Spec. 71-854-a, paragraph D-2b(1).

Conditions:

1. Bquipment set up in chamber and temperature cycled from 309C
to -53°C to +30°C and then turned on and operated.

2. Equipment cycled from 30°C to +85°C and back to +30°C and then
turned on and operated.

Results?

1. The equipment operated satisfactorily after subjection to these
temperaturesand upon further examination no defects were found.

Equipment Non-Operating (Humidity test) Spec. 71-854-a, paragraph D-2h(2)

Conditions:

1. Equipment set up in chamber and operated at room temperature
(30°C) and data taken on goniometer linearity, receiver
sensitivity, etec,

2. Equipment was then shut off and remained off for a period of
U8 hours during which time the temperature of the chamber
was maintained at 50°C and the humidity was maintained at 95%.

3. The equipment was then turned on again and more data taken of
gonilometer linearity and receiver sensitivity.

Y, While the equipment continued to operate another set of data
was taken one hour later.

5. The equipment was then shut off and remained off while at ‘room
conditions of temperature 30°C for a period of 24 hours.

6. The equipment was then turned on again at the end of the 24 hour
period and another set of data was taken.

Results:

1. The results of these tests as plotted on the graphs on pages
L5 and 49 sehow that when the equipment is used immediately
after storage at high humidity, the spread of goniometer tempera-
ture characteristic is as much as 26 feet.

2. The goniometer characteristic measured after 24 hours non-

operation had returned to the same as the characteristic measured
preceding the test.

WADC TR 52-19% L3




3.

The characteristic measured after one hour of operation follow-
ing the storage at 95% humidity and +50°C for U8 hours as com-
pared to the characteristic measured 24 hours later (when after
non-operation at room temperature and humidity, the characteristic
returned to the same as that measured preceding the test) shows
that the spread remaining after the one hour was 15 feet due to
the remaining humidity.

Other than this change in the characteristic, the equipment
operated satisfactorily within 15 minutes after being turned on.
Previous to this 15 minutes the trace on the oscilloscope was
in bad focus and therefore difficult to read but this was the

only fault.

Equipment Non-Operating (Altitude test) Spec. 71-854-a Paragraph D-2b(3)

Conditions:?
1.
Results:
1.

WADC TR 52-193

Bquipment set up in altitude chamber and with temperature +30°C,
barometric altitude was increased to 40,000 feet, maintained

at 40,000 feet for a period of 10 minutes then returned to zero
feet of altitude.

The equipment operated satisfactorily after the test and upon
examination no defects were observed.




AN/APN~-57, Serial No.l

Gonjometer Linearity at Room Conditions Showing Characteristic Before and
Af'ter Leaving Unit in Chamber for 48 Hours at 50°C and 95% Humidity
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Goniometer Characteristics, AN/APN-57, Serial No.
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GONIOMETER LINEARITY

ALTITUDE
FEET
15,000
750
500
250
14,000
150
500
250
13, 000
750
500
250
12,000
750
500

250

10, 000

WADC TR 52-193%

DEVIATION IN FEET

+5

+).

+1

+2
7
+a
+6
+9
+5
+2

+2

+6

HUMIDITY TEST
INITIAL CHARACTERISTIC AT ROOM TEMP.(25°C) & HUMIDITY
Unit Serial No. 1

RECEIVER SENSITIVITY

ATTENUATOR
READING

IB
0
5

10

15

20

25

30

35

39 Servo loses control

A.G.C. VOLTAGE?
OF MAIN BANG

MAGIETRON o 9
POWER QUTPUT g
.9 l .R
o 3 * 5 . .
HAGHETRON 5
FREGUENCY 732
SERVO 50 FT

OFF TRACKING AT

Date May 18, 1948

A.G.C.
VOLTAGE
Volts
=Y, 2
-3.85
=33
-2.4
~0,95
-0.05
-0.05
-0.05

-6.5 VOLTS

DB

MC



HUMIDITY TEST

CHARACTZEISTIC APTER 48 HOURS IN CHAMBER AT 50°C and 95% HUMIDITY

GOXIOMETTR LIVEARITY

ALTITUDE
FEET
15,000
750
500
250
14, 000
750
500
250
13,000
750
500
250
12,000
750
500
250
11,000
750
500
250

10,000

WADC TR 52-19%

DEVIATICH I FEETI

+9
+9
+3

-10

+3
+3

+10

Unit Serial Ho. 1

RECEIVER SENSITIVITY

ATTENUATOR
READING
DB
0
5
10
15
20
22
25
3.5

A.G.C. VOLTAGE)
O MAIN BATG )

HMAGHETRONW
POVER OUTPUT
HAGNETRON
FREGUENCY
SERVO 50 FT

OFF TRACKING AT

Date May 20, 1948

L7

AdGe C.
VOLTAGE
Volts

=55
-5.1
-4.5
~3.5
-1.7
0
+0. 4

+0.U

-5.8 VOLTS

9
8 DB

%3

9353.5 MC

27 DB




IMNIDITY TEST
CHARACTERISTIC OBTAIITTD OFE Q2 AFPTR FAULIDITY 7287
Unit Serial Yo, 1

GONIOMET™R LINDARITY PECEIVZR SESITIVITY
ALTITUDE DEVIATION IIT FEET APTEINUATOR 2. G.C.
PRADITS TCLTACE
FERT Temp. Chor. + DB Volts
15, 000 -1 -1 0 -8
750 +6 +1 5 -4.3
500 +3 +3 10 ‘ -3.7
250 +4 +3 15 -2.55
14,000 +1 0 20 -0.7
750 -2 -6 21 0
500 -3 =5
250 -4 -11
13,000 -8 -10
750 -1 =7
500 +5 —)4- A.G.C. YOLTAGE ) ;; TOLTS
OF AINT BATG ) -
250 +8 +3 .
12,000 +7 +5 MAGITSTON 9
POVER OUTPUT g. DB
750 +3 +1 19.
55.5
500 -1 +2 MAGNBTRON 9353.5 MC
FREQUENCY
250 -6 -5 SERVO 50 ¥T
OFY THACKING AT 27 IB
11,000 -3 -7
750 -9 -9
500 -11 -11
250 -3 -9
10,000 0 0 Date lay 20, 1948
WADC TR 52-193% L8




»

AN/AI’Nnﬁ?, Ser ia.l No.l)

Characteristics Taken One Hour
Day After ‘Humidity Test
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Fig. 16. GoniometerlCﬁaracterlstics, AN/APN—57
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GOIIOIETER LIVZARITY

ALRITI.E

FI=T

15, 000
750

500

250
13,000

720

12,000
720
500
250

11,000
750
500
250

10, 000

WADC Th 52-193

HULIDITY TEST
CHARACTZRISTIC OBTAINTD ONE DAY AFTIR HUMIDITY TEST

Unit Serial No. 1

DEVILTION I FEET

+1

+1

+1

50

RFECEIVER SEMSITIVITY

ATTENTTATOR

RBADING

IB

0

>
10
15
20

n
=

N
A\

A,G.C. VOLTAGE)
0N MAIY BANG )

MAGHETRON
POWER OUTFUT

HAGTETROL
FREJUENCY

SER’VO 50 FT
OFF TRACKING AT

Date

May 21, 1948

A,G.C.

VOLTAGE

Volts
-4,55
-1.15
-3.6
-2.7
-l.2

0

VOLTS

DB

MC

26 DB



Vibration test - Specification 71-854-a paragraph D-3b

l.

2.

1.

2.

Conditions:
1.
2o
Results?
1.
. 2e

WADC TR 52-193

Conditions of test:

Equipment mounted on its shock mounts on table and all connections
made.

Vibration cycled between 10 and 35 cycles/second with an amplitude
varying from 1/32" at 10 cycles per second to 3/32%" at 35 cycles
per second for the first 45 minutes and from 1/2% at 35 cycles
per second to 3/32“ at 55 cycles per second for the second 45
minntes.

a., Total of 90 minutes in a direction parallel to the horizontal
major axis.

b. Total of 90 minutes, horizontally at right angles to the
major axis.

C. Total of 90 minutes vertiecally.

Results of test:

Equipment operated continuously during tests except that tube
V412 failed (internal grid to cathode short) as table was being
changed from crosswise to vertical vibration.

With vertical vibration the resonance frequency of the front
shock mounts was 10 cycles per second and of the rear shock
mounts 14 cycles per second.

Alternating Current Power System Regulation -

Specification J1=854~a agra i) a

Bquipment se* up and -perated on test bench.

Voltage varied from 90 to 135 volts while frequency was set at
300, 400, 500, 600, 700, 800, 900, 1000 cycles per second.

It wasg found that the indicator would operate satisfactorily
over the range 95 to 135 volts; over the whole frequency range
300 to 1000 cycles per second.

Below 110 and above 120 volts the A.F.C. circuit in the trans-
mitter receiver unit ceased to operate.
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TYPE TESTS Oif UNIT #2

The following tests were repeated on Unit #2 with the same results or results
as glven in the following graphs:

Tquipment Operating (Temperature test)

Spread of temperature characteristic 5 £t & I £t fron +30°C to +55°C
Spread of teuperature characteristic 5 ft & 5 £t from +30°C to 0°C
Spread of temperature characteristic 8 ft & § £% from +30°C to ~-55°C

Spread of temperature characteristic 8 ft & 5 £t from +309C to +71°C

Equipunent Operating (Hunidity test)

Equipment Operating (Altitude test)

Equipnent Non-Operating (Pemmerature test)

Equipment Non-Operating (Humidity test)

BEquipment Non-Operating (Altitnde test)

Vibration test

(The equipment operated continuously during the Vibration test)

Alternating Current Power System Regulation.

WADC TR 52-193 52




TYPE TEST FOR TEMFEIATURE CHARACTTRISTIC +30°C
Unit Serial No. 2

" WADC TR 52-193 53

GONIOMETER LINEARITY RECEIVER SEUSITIVITY
At 10,000 feet altitude
ALTITULE DEVIATION IN FEET ATTENUATOR A.G.GC,
READING VOLTAGE
FEET DB Volts
15,000 -1 0 0 =4
750 -1 0 5 =3.7
500 -2 -1 10 -3.5
250 -2 +l 15 -2.8
14,000 0 +1 - ~2.3
750 =5 =3 2b -1.35
500 -1 -1 30 -.55
50 -1 0
13,000 -1 0
750
500
250 -1 0 A.G.C. VOLTAGE)  _y 7 VOLTS
o ON MAIN BANG )
12,000 -2 -1
750 -2 -2 MAGIETRON 20
POWER OQUTPUT Y IB
500 -5 -3 9.5
33.5
250 -2 -2
11,000 -2 -1 MAGNE TRON 9336 MC
FREQUENCY
750 -1 -1
500 0 0 SERVO 50 FT
OFF TRACKING AT 31 IB
250 0 0
10,000 0 0 Date August 27, 1948



TYPE TEST TEMPERATURE CHAanaCTTRISTIC +559C
Unit Serial No. 2
GONIOMETER LINEARITY TECEIVER SENSITIVITY
At 10,000 feet altitude
ALTITUDE DEVIATION IN FEET ATTENUATOR A.G.C.
READING VOLTAGE
FEET 1st 2nd DB Volts
Run Run
15,000 -1 -2 0 3.4
750 -3 =3 5 3.1, 2.9 (3 7V scale)
500 -3 -3 10 2.6
250 ~1 -3 15 2.15
14, 000 -3 -3 20 1.55
750 -3 It 25 .55
500 -3 -3 30 .1
250 =3 -3
13,000
750
500 -2 -3 A,G.C. VOLTAGE) 3.8 VoLDs
OF MAIl BANG )
250 -l =l
12,000 -5 -5 HMAGNETRO 20
POWER QUTPUT 4 IB
750 -5 -6 ¥
33
500 -5 -6
250 =4 -5 MAGHETRON 9332
FREQUENCY MC
11,000 =k -3
750 -4 -3 SERVO 50 FT
OFF TRACKING AT 31 DB
500 -2 -3
250 -1 -2
10,000 0 0 Date _August 30, 1948

WADC TR 52-193 5l




S o TULIOG ‘G Iv/NY SOTASTISROBIBY) J0q8UOTUOY ‘LT *3Td

-

" 3904 Ut ePMITITY

55

1984 U uori}eraa(g

: % e = o " Y i
: a & & g g £
o ~  a o N @ » 9o =N g » o = o » o =N g » o
S g & o & a & @ o a o a4 & @ g & o o a &
S 5 & & & . &5 & & & &5 ©& & © & & &6 6 & 5. &
3008+ E
2T1STL910%BI8Y) T
T8TITUL
e ﬁ %
preoadg
HiE. 9eed ¥ {F i
TR ERT , B orysTaejowawy)
e : sangeasdma]
Bl dis
T i
A + g 44
0099+
DT3STI810BIBYY
TBuUTg
e
s
P } : ) i
: 008G+ PUB 0,084 3B OML JO uny pug
I Z°ON TeTdo§ LG-NAV/NV SOTIISTI8398IBY) 1930WOTUOH

WADG TR 52-193




O TETIRG CLG~HI¥/NY ‘SOTISTI810BIRY) JeqemoTUOn  *QT *ITg

1994 UY SPNITITY

%
E

08
0gs
000°€T
000°8T |
094

OOQ

oee

1 000°TT

0gs
1 008
0sg

000°0T

0oL
100G
og2

» 0

T4t

13- ,
ri .
os

T
¥ 6% 4

dun

IS BUIE IR UG ERAIN NGRS
(SUERESRARN NRAEE o253

e nan)
¥
1
1
t
t
o

1% s
1

it
CURE §3

X%

tariredy b
!
&

SR RY TN
1
t

PEYCRRR T

1113

T3

by

i
444
e X

: 73

;X
‘ o1
1t
1

35
93 ok
= wou
¥ee

1
x 1

o
L

e

HHEE : 2 2-

_ 3994 Ut uotrlBIAS(

. f
3 0
ftio gt ¢ e . i3
kII!l..: ﬂﬂ N
: + IE e s
pofrdd. & bt H -
3 204
EHic } i3
) e 1 -
H + RaiiTIIILICIIINILY t3ias
3 pht
2
: 3 !
§ 53 She :
g % § ’
55 $t o :
* REE BEEERELRIRRR KN RAR sxm } H
aesrey SR ErLiETEL Y.
faiizisiiil H Hehr
H HHEH 43 HHHH .
bt e s ¥R 4 +
REXIETNE £ kn ¥+ . %8 wn P
HHH H i 0
: H
3 H
‘84 3 3

. 059G+ PU® 0,08+ 38 OML Jo uny 3ST i
-8 "ON' [BTI9§ LG-NJV/NV SOTISTIe}0RIBY) 1030WOTUOH ]

56

WADC TR 52-193




EQUIPIE:

LIVBARITY

DEVIATICN IV

GO IOMET: AR
ALTITUDE
23T let
[on
15, 000 -1
750 -1
500 -2
250 -2
1k, 000 C
750 )
500 -1
250 -1
13, 000 -1
750
500
250 -1
12,000 -2
750 -2
500 =D
250 -2
11,000 -2
750 -1
500 0
250 0
10, 000 0

WADC TR 52-193

TEMPIRAT '"'U"“.E
NT OPEcalIl

Id-

837
CH UMER AT +30°C

Unit berlc.* io., 2

.
C&’ld.
i
il

57

REOBIVER SEUSITIVITY

ATTETalOR
REAJISG
B

o]

G.C. VOLTAOR)
O ialll BalG )

AL .._JTROF
POVEL OMPUT

ERVO 50 FT
OFF TRACKING AT

Date August 27, 1948

1\-0 G‘o C .
VOLTAZE
Volts

1
[
.
N N
Ui

.
Ul
W1

-.7 VOLIS

9.5
L0 DB
0.0




AOTIOLETZR LIN2ARITY

ALRITTOE

FEIT

15, 000
750
500
250

14,000
750
500
50

13,000

750

11,000
750
500
250

10, 000
WADC TR 52-193

TEAPERATURE TEST
ECIPLINT OPZRATING IIF CILL.BER 4T 0°C
Unit Serial llo. 2

DEVIAT IV I7 FEZT

1st
Run

+3
+2

+c

+2
+3
+2

ond
Run

0

58

RECEZIVER SENSITIVITY

ATTEIUATOR
RBADING
DB

1.G.C. VOLTAGE)
O JAIN BAYG )

FHAGITETRON
POWER QUTPUT

HAGIETRONW
FRIUBNCY

SERVO 50 FT
OFF TRACKIITG AT

Date Auznst 30, 1948

A.G.C.
VOLTACE

Volt

~3.4

-3.0, -2.9

-2.6
-2.15

-1.55
-0.65

S

-3.9 VOLTS

9
L

20
33

9342 MO

31

DB
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GOLIGIEBTER LINBAZITY

SLTITIDE
FEIT 1st
Run
15, 000 +2
750 +1
500 +1
250 +2
14,000 +2
750 +*2
500 +1
250 +2
13,000 +2
750 +1
500 0
250
12,000
750 0
500 -1
250 -1
11,000 -1
750 -2
500 -1
250 -1
10, 000 0

WADC TR 52-197%

BEQUIPMENT OPZRATING IN CHAMBER AT +30°C

DEVIATION Il FZET

2nd
Run

0
-1
-1
+1

+2

TEHPERATURE TESTS

Unit Serial YNo. 2

3rd
Run

+1
0
0
+1

+1

61

RECEIVER SENSITIVITY

ATTENUATOR

READING
DB

10
15
20

25

A.G.C. VOLTACE)
§ MAIN BATG )

HaGHETRON
POWER QUTFUT

MAGNETRON
FREQUINCY

SERVO 50 FT
OFF TRACKING AT

Date September 1, 1948

A-. Go C‘

VOLTAGE

Volts

-2.6
-2.3
-1.8

-3.3 VOLIS

10
L DB
20

3
9333.5 MG




TEMPERATUZE TESTS
EQUIPMENT OPERATING IN CHAMBER AT +71°C
Unit Serial HNo. 2

GONIOMETER LINEARITY RECEIVER SENSITIVITY
ALTITUDE DEVIATION IX FEET ATTENUATOR A.G.C.
READIVG VOLTAGE
FERT DB Volts
15,000 +1 0 -3k
750 -1 5 -3.0, -2.8
250 -1 15 -2.0
14,000 -2 20 -1.3
750 =3 2h 0
500 =3
250 -
13,000
750 =3
500 -3 4,G,0, VOLTAGR) _ :
ON HMAIN BANG ) 3.6 VOLIS
250 -3
12,000 -2 MAGHETRON 10
POWER OUTPUT Y DB
750 -2 20
3
500 -3
250 -2 HAGNETRON 9329 MG
FREQUENCY
11,000 0
SERVO 50 FT
750 0 OFF TRACKING AT 29 DB
500 0
250
10,000 Date August 31, 1948
WADC TR 52-193% 62
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TYPE TEST RUN AT +30°C FOR TEMPERATURE CHARACTERISTIC
Unit Serial No. 2

GONIOMETER LINEARITY BECEIVER SENSITIVITY
At 10,000 feet altitude
ALTITUDE DEVIATION I¥ FEET ATTENUATOR A.G.C
READING VOLTAGE
FERET 1st 2nd IB Volts
Run Run
15,000 -1 0 0 -l
750 -] 0 5 -307
500 -2 -1 10 -3.5
14,000 0 +1 20 -2.3
750 -5 ~3 a5 -1.35
500 -1 -1 30 -.55
250 -1 0
13,000 -1 0
750
500
250 -1 0 A.G.C, VOLTAGE) 4,7 VOLTS
ON MAIN BANG )
12,000 -2 -1
750 -2 -2 MAGNETRON 20
POWER OUTEUT 4 DB
500 -5 -3 1)
33.5
2R0 -2 -2
11,000 -2 -1 MAGNETRON
FREQUENCY 9336 MC
750 -1 -1
500 0 0 SERVO 50 BT
OFF TRACKING AT 31 IB
250 0 0
10,000 0 0 Date _ Aummst 27, 1948
WADC TR 52-19% o




GONIOMETER LINEARITY

ALTITUDE

500
250

10, 000

WADC TR 52-193

1st
Run

+2
+1
+1

0
+2
+L
+1
+2

+2

IEVIATION IN FEET

end
Run

+2

0

+1

+1

+2

+1

+1

+2

+2

+1

TYPE TEST RUN AT -55°C FOR TEMPZRATURE CHARACTZRISTIC
Unit Serial No. 2

RECEIVER SENSITIVITY
At 10,000 feet altitude

ATTEIUATOR
READING
IB

10
15
20
25
30
35

A.G.C., VOLTAGE)
Of MAIN Bang )

HAGNETRON
POWER OQUTPUT

MAGNETRON
FREQUENCY

SERVC 50 FT

OFF TRACKING AT

A,G.C.
VOLTAGE

Volts
-2.9
-2.65
-2.25

1.7
1.0
~-0.05

00

00

VOLIS

20

32

9348

28

Date September 1, 1948
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GONIOMETER LINEARITY

ALTITUDE
Char.

FEET Plotted

15,000 -2 0
750 -3 0
500 -3 0
250 -4 -1

14,000 ! -2
750 -5 -
500 =4 -l
250

13,000
750
500 -l -1
250 -5 -3

12,000 -5 -4
750 -10 -1l
500 -10 -13
250 -10 =9

11,000 -8 -7
750 -9 -8
500 -7 -6
250 -5 -3

10, 000 0 0

WADC TR 52-193%

+1

+2

+2

: HUMIDITY TEST AN/APH-57
GONIOMETER CHARACTERISTICS TAKEN AT ROOM CONDITIONS

IMMEDIATELY BEFORE HUMIDITY TEST

Serial No. 2

DEVIATION IN FEET

+1

68

RECEIVER SENSITIVITY
ATTENUATOR A,G.C,
READING VOLTAGE
IB Volts
0 -3.5
5 -3.1, ~2.9
10 -2.5
15 -2.0
20 -1.3
25 ~0.25
30 00

A.G.C. VOLTAGE)
ON MAIN BANG )

MAGNETRON
POWER OQUTPUT

MAGNETRON
FREUENCY

SERVO 50 FT
OFF TRACKING AT

Date September 24, 1948

-3.5 VOLTS
12
Y 1B
20
36
9353 MO
32 DB




HUKIDITY TEST AN/APN-57
GONIOMETER CHARACTERISTICS TAKEN AT VARIOUS TIMES AFTER UNIT
WAS LEFT IN CHANBER FOR 66 HOURS AT 50°C and 100% HUMIDITY

GOITIOMETER LINEARITY RECEIVER SENSITIVITY
ALTITUDE DEVIATION IN IEET ATTENUATOR A.G.C
Immed. 1 hr. & hr. READING VOLTAGE
FERT after test aft. test aft. test IB Volt s
15, 000 =4 -1 +2 0 -, 0
750 -3 -6 0 5 =3.7
500 -6 -6 -2 10 -3.2, =3.0
250 -13 -8 -2 15 R
14, 000 -22 -16 -5 C -1.6
750 -28 =21 -7 25 -0.2
500 -2u -18 -10 30 00
250 -10
13,000 -10
750 -2
500 -3 0 0
250 -6 -1 -2 A,G.C. VOLTAGE) 4.4 VOLTS
ON MAIN BANG )
12,000 -10 -6 -3
750 -3 -16 -10 MAGNETRON 12
POWER QUTPUT L DB
500 -28 -18 -10 20
36
250 -28 -21 -9 MAGNETRON
FREQENCY 9353 MO
11,000 -28 -2l -10 ,
750 -26 =13 =8 SERVO 50 FT -
‘ B OFF TRACKING AT 31 IB
500 -18 -13 -5 .
250 -8 -3 0
10,000 0 0 0 Date September 27, 1948
WADC TR 52-193 69
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i Goniometer Characteristic AN/APN-57, Serial No -2.
Characteristics Before and One Hour After
Humidity Test .

Characteristic On
After Humidity Te

i

Feet

Deviation in

"11,000 12,000 13,000 14,000
X L. ehet L _ .
S el pE R T Altitude in Feet S A G e R e e e A »

i i e s e ‘
Fig. 25. CGoniometer Characteristics, AN/APN-57, Serial No. 2
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u s
s
# i
t 5
33
-
s i HIHIH
Characteristics Six Hours.
5 After Humidity Test =
h v
Y 3 '""'"'l?f nia H
3E M 3 : e
HE :%ﬁ H
3 F T
A :Ifl B3k
HaRT i B
-+ B f :
x i H T + Humidity Characteristic
i 10 ft. 5@ Spread. = 10 £ ﬁ
11,000 12,000 13,000 14,000 15,000
Altitude 1n Feet dEs e b
Fig. 26. Gonlometer Characteristics, AN/APN-57, Serial No. 2 ]
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APFENDIZ V
RESULTS GF GROULD TEST OF oLTIMETLR All/APN-5T
COLDUCTZU AT ARBa MCH, VRIGHT-PATTELRSON AFB

FIRST SERIES 1_§8Ai21ﬂ9u9
16~17 Ang 49
19 Ang 49
2e-2lt Aug 49
Ind BT
To. lio. Surveyed Distance Dial Scope Error
1 11 7750 7750 = 410 +20
1 11 7750 7755 +5 +10
1 13 7750 7750 0 0
1 11 7875 7880 +10 +15
1 11 7875 7420 +10 +15
1 11 7875 7330 +25 +30
1 11 7875 7880 0 +5
1 13 7875 7890 +35 +50
1 13 71875 7880 +10 +15
Smallest error 0 ft.
Largest error +50 £t.
Mean ermor +18 ft.

Faulty 2051 tube (V601) in Divider circuit - replaced.

2 14 7875 7790 +5 -80

2 13 7875 7785 +10 ~80
Indicator did not function properly. Dialsg rotated to the maximum limit
stop and did not return to zero when the calibrate switch was used.

Insulation of wire on 3DPlA tube was cut by housing; when the wire
grounds on housing, pulse indications are not obtained.

WADC TR 52-193 73




Ind _ Surveyed

No. RT No. Distance Dial Scope Error
3 15 5000
3 16 5000

No readings were obtained. Dials refused %o go to O from the negative
limit stop. Phage Detector Balance adjusted slightly and O was
obtained in calibrate position; however, pulse disappeared. Dials re-
mained at O in the operate position.

4 15 5000 5045 0 +45

4 16 5000 5055 0 +55 Dial jittered
in Calibrate and Operate
positions

L 15 5000 Dial oscillated about +5 feet in Operate position

4 15 5000 5042 0 <2

Y 15 5500 5530 +10 +40

L 15 6500 6535 0 +35

4 15 7875 7912 0 +37 Dial and pulse

Jittered; Operate position

4 15 8375 8405 +*20 +50 Dial and pulse
had a 30-foot jitter;
Galibrate position

4 15 8875 9005 +10 +40 Dial had a
30-foot jitter; difficult
to calibrate correctly

) 15 9375 9398 $10 ¥33
4 15 10, 000 10,025 +2K $50
u 13 10,000 10,030 + 5 +35 Dial had a
20-foot jitter; Calibrate
position
Smallest error +338% ;
Greatest error +H5 £t.
Mean error H2 £4,
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Ind. RT

Ko, Tio. Surveved Distance Dial Scope Error

5 15 5000 5000 +30 +30

5 15 5000 5025 +10 +35 Dial stopped
momentarily then moved 30 ft.
cw for a new reading

5 15 5500 shg2 +30 +12 Dial jittered
about 20 feet; Operate
position

5 15 6500 6550 0 +50 Dial jittered

5 15 7875 7900 +10 +35

5 15 8375 gh10 0 +35

5 15 8875 8910 -10 +25

5 15 9315 900 0 +25

5 15 10000 10045 -5 +40

5 15 10000 10040 -5 -10 (Pulse and
zero marker set at =50)

5 13 10000 10025 +5 +30 Scope intensity
varied. Disappeared com~
pletely then reappeared.

Smallest error +12 £t.

Greatest error +50 ft.

Mean error +32 ft.
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Ind. RT

No. No. Surveyed Distance Dial Scope Brror

6 15 5000 5025 +20 +45 Marker pulse
disappeared after one reading.
Dial did not return to O in
Calibrate position.

6 16 5000 5045 0 +i5

6 15 5000 5040 +5 +45 Dial osgcillated
about 15 feet in Operate
position

6 15 5500 5500 +30 %30 Dial and pulse
Jittered in Calibrate posi-
tion. Pulse did not return
to O, thereby making frequent
adjustments necessary.

6 15 6500 6535 +10 +45 Dial jittered
(Calibrate and Operate
position)

6 15 7875 7905 +15 +i5

6 15 8375 8420 +5 +50

6 15 8875 8915 0 +40 Scope intensity
varied.

6 15 9375 9410 +5 +40

6 15 10000 10045 +5 +50 Scope intensity
varied.

6 15 10000 10000 +10 +50

Smallest error +30 ft.

Greatest error +50 f%¢.

Mean error +4l £,
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Ind. RT

No. No. Surveyed Distance Dial Scope Error

7 No readings - defective upon arrival. Open primary on transformer and

broken 2X2A Tube.

8 15 5000 5025 +10 +35

g 16 5000 5045 +0 +45

S 15 5000 5040 +0 +40

S 15 5500 5500 +25 +25

g 15 5500 5500 +20 +20

8 15 6500 6538 +0 +38 Slight jitter
of dial. (Calibrate Position)

8 15 7875 7895 +10 +30

8 15 8375 8405 +0 +30 Amplitude of
pulse 75% of normal,

8 15 8315 8380 +15 +20

8 15 8875 8903 +10 +38

g 15 93715 9h12 -5 +32

8 15 10000 10030 + 5 +35

g 15 10000 10035 ~55 -20 Pulse and zero
marker set at -50 feet.

g 13 10000 10030 +0 +30

Smallest error +20 feet

Greatest error +45 feet

Mean error +32 feet

Y
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Ind. RT

No. Yo. Surveyed Distance Dial Scove Error

9 15 5000 5050 -10 +40

9 15 5000 5050 -60 =10 Zero marker
and pulse set at =50,

9 16 5000 5040 +10 +50

9 15 5000 5040 +30 +50 Scope intensity -
varied. .

9 15 5500 5495 +35 +30

9 15 6500 6535 0 +35 Scope intersity
varied. Dial and pulse tad
a 20-foot jitter (Operate
and Calibrate positior ;)

9 15 7875 7900 +15 +40

9 15 8375 gh15 +20 +60 Pulse ampli-
tude low; hardly visible
above circle.

9 15 8875 g91C 0 +35 Pulse leading
edge os cillated; difficult
to read.

9 15 9375 9408 +10 : +43

9 15 10000 10050 0 +50

9 13 10000 10035 +15 +50 Amplitude of
pulse 50% of normal

Smallest error +30 feet
Greatest error +60 feet
Mean error +4l feet
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Ind. RT

No. No. Surveyed. Dis tance Dial Scove Error

10 15 5000 5018 - 10 +3

10 15 5000 5025 + 10 +35

10 16 5000 5040 + 10 +50 Zero marker
moved to =-10 in Operate
position after being set
at 0 in Calibrate position.

10 16 5000 5040 + 0 +10

10 15 5000 K012 + 10 +22 Scope intensity
varied.

10 15 5000 5050 - 10 +40 Dial oscillated
about 100 feet (Calibrate
position).

10 15 5500 Amplitude of pulse too short to read. Dials

indicate approximately the correct digtance of target.
Dial had a 100-foot jitter (Calibrate position).

10 15 6500 6540 + 0 +40

10 15 7875 7900 + 10 +35 Zero marker
not normal.

10 15 8375 Scope had two circles. Difficult to calibrate.

10 15 8875 8895 - 10 +25 Scope had two
circles. Difficult to
calibrate.

10 15 9375 9385 + 35 +45 Prace fuzzy.

10 15 10000 10020 + 15 +35 Pulse and dial
had a 10-foot jitter (Operate
position)

10 13 10000 10000 Impossible to caliorate properly;

Smallest error

Greatest error

Mean error
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double circle and pulses noted; zero
marker above the lower circle and
difficult to see.

+ & feet

+50 feet

+3 feet

19




Ind. 2T
No. No. Survevel Distance Lial Scowve L.ror
11 15 5000 5025 +10 +35
11 16 5000 5048 +0 +Lg
11 16 5000 5050 ~10 +40
11 15 5000 50e0 +20 +40 Scope in-
tensity varied.
11 15 5500 5478 +40 +18
11 15 6500 6526  +10 +38  Scope in-
tensity varied.
11 1ih 7875 7905 +20 +50
11 15 8375 £360 +30 +35
11 15 8875 £910 +5 +10
11 15 9375 9395  +25 +i5
11 15 10000 10035 +5 +10
11 13 10000 10015 +25 +50
Snallest error +13 feet
Greatest error +50 feet
liean error +39 feet
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Ind. RT
Ho. NO. Surveyed Distance Diul Scope Error

12 11 7750 Indicator did not function during ARL test
of 1 August 1949, Dials went to maximum linmit
stop and would not return to O in Calidrate
position.

17 Ausust 19L9 test after repair by RCA
12 15 5000 5030 420 - 450
12 15 5500 Did not pick wp target. Dial read SO40 feet

instead of O in Calibrate position. Harker and
pulse noraal,

13 13 7875 7920 430 +75
13 1 7875 7930 +10 +65
13 11 7875 7890 +50 +65
33 11 7875 7920 +25 +70
13 ISEN G B 7910 435 +70
13 1 ™ 7765 0 +55
13 11 7500 7525 +25 +50
13 11 7625 7640 +40 +55

Every 5 seconcs dial oscillated about 100 feet. Repaired and aligned
by RCA; hovever it failed to woric for RCA test. Trouble sigpoting by
RCA inconplete due to lack of time,

Smallest error +50 feet
Greatest error +75 feet
Mean error +63 feet
?
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Ind. RT

No. No. Surveyed Digtance Dial Scope ) Error

14 15 5000 5010 +25 +35

14 15 5000 5015 +30 +i5

14 15 5000 5028 +15 +43

Scope intensity varied. Dial oscillated in Calibrate position. In
Operate position on target, dial stopped rotating momentarily, then
rotated ccw about #0 feet for a new reading.

14 15 5500 5470 +50 +20

14 15 6500 6500 +60 +60

Scope intensity varied and was not visible at times. DPulse amplitude
low, scope indications fuzzy; focus adjustment did not clear fuzziness.

1k 15 7875 7900 +10 +35 Scope ‘in-
dications fuzzy.

1k 15 8375 8350 +50 +25 Scope intensity
varied., 2Pulse amplitude
low.

1L 15 8875 8880 +30 +35 Pulse amplitude
50% of normal and varied
in contour.

14 15 9375 9390  +30 +i5

1u 15 10000 10020 +15 +35 Pulse amplitude
50% of normal. Dial and
pulse had a 10-foot jitter
(Operate position).

14 13 10000 10020 +25 +45 Pulse amplitude
low, dial and pulse Jjitter,
scope indicationg fuzzy.

1L 13 10000 10030 +15 +45

14 13 10000 Could not calibrate, scope indications fuzzy.

Smallest error +20 feet”
Greatest error +60 feet
Mean error +35 feet
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Ind. RT

No. No. _ Surveyed Distance Dial Scope Error
15 13 5000 5020 +30 +50
15 13 5125 5160 +15 +50
15 13 5250 5290 +10 +50
15 13 5375 5410 +20 +55
15 13 5500 5540 +10 +50
15 13 5625 5640 +30 +i5
15 13 5750 5715 +25 +50
15 13 6500 6540 +1.0 +50
15 11 1750 7790 +20 +60
15 13 7875 7910 +20 +55
15 11 7875 7900 +30 +55
15 14 7875 7920 +10 +55
15 13 1875 7910 +20 +55
15 11 7875 7910 +10 +Hi5
15 13 7875 7905 +25 +55

The indicator was tested on 26 August in the Laboratory after completion of tests
at the surveyed range and it is observed that the dial and pulse had a 20~foot

jitter in the Calibrate position. A one-hour warm-pp did not eliminate the jitter.

Smallest error +45 feet

Greatest error +60 feet

Mean error +52 feet
16 11 Failed on first reading.

RCA did some trouble shooting; however, due to lack
of time repairs were not completed.
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Ground Tests of altiueter AN/APL-57, Swiwery of Results
Part II (Readin;s by RCA)

Ind. RT

10-12 Avg 49

Ho. Ilo. Snrve;-:d Distunce Dial Scope Error
6 13 5250 5290 0 +40

5500 5540 +10 +50

6000 6035 +10 +45

6500 6530 +30 +60

7500 Interaittent. No reading. Scope intensity varied.
& 13 £375 8410 +15 +50

3375 £903 +20 +1g

9375 Io narier reading.

Sialliest error

Grecatest error

liean error
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Ind. RT

Yo, No.  Surveyed Distance Disl Scope Error
9 13 5250 5290 0 +4g
9 13 5500 5535 +10 +i5
0 13 6000 6016 +25 | +11
9 13 6500 6533 +10 +i3
9 13 7500 7525 +15 +43
9 13 7875 7898 +10 +33
9 13 8375 Circle failure, no readinus - scoge intensitr varied.
9 13 8875 8903 +20 +4g
9 13 9375 9105 +20 +50
9 13 9875 9908 +20 +53
9 14 9875 9890 +15 +60
9 12 9875 9873 +55 +53
9 16 9875 9918 0 +43
Smallest error +33 feet
Greatest error +60 feet
liean error +46 feet
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Ind.  RT
No. Lo. _ Surveyed Distance Dial Scope Error
10 13 5250 5270 +25 +15
10 13 5500 5525 +30 +55
10 13 6000 6008 +45 +53
10 13 6500 6527 +25 +52
10 13 7500 7513 +40 +53
10 13 7875 7885 +50 +60
10 13 8375 8390 +10 +55
10 13 8575 8880 +55 +60
10 13 9375 9370 +55 +50
10 13 9875 9889 +10 +53
10 1 9875 9910 +10 +65
10 14 9875 2893 +10 +58
10 1k 9875 9835 +35 +55
10 12 9875 9870 +i0 +35
10 12 9875 9875 +40 +40
10 16 9875 9885 +i5 +55

Smallest error +35 feet

Greatest error +65 feet

Mea: error +53 feet
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Inc. RT

No. lo. Surveyed Distznce Dial Scope Error
12 13 8375 gh10 +15 +50
1z 13 2875 8900 +20 +45
12 13 9375 9395  +0 +i5
12 13 9875 9900 +z5 +50
1 1 3875 9910 +20 +55
1z 1z 8875 30k +25 +hli
12 16 2875 9505 +25 +55
Siaallest error +15 feet

Greatast error

ilean error
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Ind. RT
0. Lo. Surve:ad Digtonce Dial Scope Lrror
15 13 5000 5035 +5 +40
15 13 5250 5885 +5 +10
15 13 5500 5553 +10 +3
15 13 5750 BTT5 +le +37
15 13 6000 6025 +20 +15
15 13 6250 6255 +15 +50
15 13 6500 5540 +5 +145
15 13 7500 7540 +8 +48
15 13 7750 7780 +20 +50
15 13 7575 7905 +18 +U18
15 13 gLec 8160 +13 +50
15 13 8375 glils +3 +iE
15 13 g525 8570 +5 +50
15 13 g875 8915 +3 +ig
15 13 %125 91450 +8 +13
15 13 9375 9105 +15 +i5
15 13 9625 9660 +15 +50
15 13 9877 9310 +10 +43
15 13 10002 10035 +5 +33

Snallest ervor +37 feet

Sreatsst error +50 feet

degrn gruon +5 feet
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APPENDIX V1

Results of Ground Test of Altimeter AN/APN-57

Condncted at Area C, Wright-Patterson A¥FB
Second Series

VIDEO PULSE SET TO -40 FT. IN

CALIBRATE POSITION FOR ALL TESTS

ONE INDICATOR AND ONE R-T UNIT AT VARIOUS DISTANCES

T Qet 1949

INDICATOR B~T SURVEYED DIAL SCOPE INDICATED ERROR
DISTANCE DISTANCE
8 15 5000 5013 -3 5000 0
" " 5500 5530 -0 5490 -10
" " 6000 6035 -25 6010 +10
" " 7875 7890 =35 7855 ~20
" J 8125 8145 -35 8110 -15
" " 8375 8390 -30 8360 ~15
n " 8875 8900 -40 8860 -15
" " 9375 9410 ~-40 9370 -5
n " 10,000 10,030 =40 9990 -10
11 15 5,000 5,010 -5 5,005 +5
" " 5,500 5,500 +5 5,505 +5
" " 6,000 5,995 +10 6,005 +5
" " 7,875 7,875 0 7,875 0
" " 8,725 8,125 0 8,125 0
" " 8,375 g, 385 0 8,385 +10
" n g,875 8, 88C 0 8,380 +5
" " 9,375 9,360 +25 9,385 +10
" " 10, 000 10,015 -10 10,005 +5
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OXE IHDICATOR allD ONE R-T UNIT AT

VARIOUS DISTAICE

INDICATCR R-T SURVEIYED DIAL SCOPE IDICATED ERROR
DISTAICE DISTAUCE

15 15 5,000 5,028 ~35 %,993 -7
n " 5, 500 5,525 ~30 5,495 -5
" " 6,000 6,030 =35 5,995 -5
" b 1,875 7,905 =35 7,870 -5
" " 8,125 8,160 -4o 8,120 ~5
" n 8,375 8,410 =40 8,370 -5
" " 8,875 8,909 =40 8,569 -6
" " 9,375 9,408 -30 9,478 +3
" " 10, 000 10,035 10! 9,9% ~5
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OVE R-T UNIT VITH VaRIOUS INDICATO2S, AT TWO DISTACES
IIDICATUR R-T SURVEYED DIAL SCOEE TIDICATE ESROR
DISTaXCE DIST:aiCE
8 11 8,375 g,390 -20 ,370 -5
g " 10,000 10,030 -30 10,000 G
11 " g,375 g,350 +:0 8,320 +15
11 " 10,000 9,995 +20 10,015 +15
15 I 8,375 8,395 -5 8,270 -5
15 u 10,000 10,020 -25 9,995 -5
8 13 8,315 8,385 -20 8,355 -10
g u 10, 000 10,025 -25 10,000 0
11 L 2,375 8,368 +12 2,380 +5
11 L 10, 000 9,990 +10 10,200 0
15 " 8,375 g,400 ~30 8,370 -5
15 L 10, 000 10,023 -32 9,997 -3
g 15 8,375 %,390 -30 8,360 -15
g " 10,000 10,030 =40 9.990 -10
11 f 8,375 8,385 0 8,385 +10
11 L 10,000 10,015 ~10 10,005 +5
15 " 8,375 8,410 -40 2,370 -5
15 " 10,000 10,035 =40 9,995 -5
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ONE INDICATOR WITH VARIOUS R-T UNITS, AT TWO DISTANCES

INDICATOR R-T SURVEYED DIAL SCOPE INDICATED ERROR
DISTAICE DISTAYCE

g 11 8,375 g,390 -20 8,370 -5
L 11 10, 000 10,030 -30 10,000 0
" 13 8,375 g, 385 -20 8,365 -10
" 13 10, 000 10,025 -25 10,000 0
L 15 8,375 8,390 -30 8,360 -15
" 15 10, 000 10,030 =40 9,990 -10

11 11 8, 375 8, 350 +10 8,390 +15
" 11 10, 000 10,000 0 10,000 0
" 13 8,375 8,368 +12 8,380 +5
" 13 10, 000 9,990 +10 10,000 0
" 15 8,375 8,335 0 8,385 +10
" 15 10, 00G 10,015 -10 10, 005 +5

15 11 8,315 8,395 -25 8,370 -5
" 11 10, 000 10,020 -25 9,995 -5
" 13 8,375 8,400 ~30 8,370 -5
L L3 10,000 10,029 ~32 9,997 -3
" 15 8,375 8,410 ~ho 8,370 -5
" 15 10,000 10,035 ~4o 9,995 -5
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APPENDIX VII
ACCURACY TEST OF ALTIMETER AN/APN-5T
AT BDWARDS AIR FORCE BASE

TEST PROGRAM AND DATA

ORDNANCE DEPARTMENT

ABERDEEN BOMBING MISSION Pegee/fk
EDWARDS AIR FORCE BASE Ext. 168
MUROC, CALIFORNIA 9 January 1950

SUBJECT: Accuracy Test of Radar Altimeters AN/APN-U2(XA-2), AN/APN-57, SCR-718-C.

- P02 All personnel concerned.

l. General

a. Ths following described test is authorized by teletype ORDBG-DPA
5127, 31 August 1949. Additional reference file ABM U13.4l/W, 25 July 1949; file
ABM 413.44/5, 2l August 1949; ABM 413.44/7, 10 October 1949.

b. The purpose of the program is to provide data for comparison of
the aircraft altitude at a given point as determined by the Precision Range
ingtrumentation against the altitude registered by the subject Radar Altimeters
of a B-29 Test alrcraft at the same point and at the same time.

¢. The following described program of fl ights was established by
agreement at a conference 6 March 1950, Lt. Col. John D. Armitage, Commanding
Officer of ABM, Mr. Pegee and Mr. Scharf representing ABM, and Mr. Segen, Mr.
Limoli, and Mr. Georgl representing AMC relative to the subject test.

d. AMC Project - E. 0., 108-90,

2. Field Data Required

a. Instrumentation required for each run is specified by Paragraph
5, "Test Flights®,

b. Normal SOP for ballistic data bombing except!
(1) Camera plates will be identified by station designation,
date and by Pass Number as indicated Para. 5, M™est Flight". Bach pass is
squivalent to a normal bomb run.

(2) Askanias not required except on pass 19.

(3) Mitchell, Bowen~Knapp station will not be operated.
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(4) Oscillograph will record all runs. Instrumentation such as
S.il., Geophones, etc., not required will not be operated or not recorded during

rans.

(5) 1Impact area need not be manned nor is weather date required
for this progran.

(6) 411 field notes vill show the aplicable pass nuuber rather
than the norial ABi rouwnd nuibers.

c. The set of plates of IF Cameras will be coded the same as for B-U5
~issions; the 4B plates as for the B-29 missions. The Program Director shonld
he ;niced by the desirnbility for a maxinum number of imazes on each set of
lates and will code at his discretion.

d. For puidance, the Chief of the Range Operations Section will be

srovided an ocutline of the functioning choracteristics of the ABM electroanic
set-=uy in the aircraft, its operation and tie-in with other Iinstrumentation in

the aircralt.

e. IExcept for Passes 1 and 2, Survey Data reguired will be made
the snbject of o separate directive based on the results of the first two passes
over tae rrn_e.

f. Survey Data for the first two passes will reguire:

(1) BSelection of 5 to 10 points by the ABH Couputing Unit siven
in a-b coordinates.

(2) BEstablishnent and identification by properly marked and
reasonably secure stalzes of these points on the zround by triangulation from
Znown banch narys.

(3) Determination of the elevation of the selected points.

lMeang of determination of elevation will be at the discretion of the Chief of
Range Operations with accnracy of determination of &5 feest the controlling factor.

g. The Chief of the Ranze Operations Section will prepare a con-
~rehensive report of the details and observations of the program and will con-
solidate and checl: all data subnitted to Chief of Operations Branch.

3. Blectronics Bgquipuent Installation

a. Blectronics instruymentation required in the aircraft will be
installed by the ABi{ Electronics Section.
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b. The Chief of the ABM Engineering Section has the responsibility
for adapttionof the ABM electronics equipment to the requirements of the radar
installation and has the responsibility of coordinating with AMC project
personnel all details to effect such installation.

c. The Chief of the Engineering Section will prepare for publication
a detailed SOP for operation of the ABM equipment. A description of its purpose
and function, of how and vhen the data will be recorded by the gromund instru-
mentation, the relationship to and correlation with the radar data plus any
directions or reguirements that will expedite the procurement of or improve the
accuracy of the data.

d. The Chief of the Engineering Section will make certain the Chief
of Ranze Operations is thorougshly familiar with the adapted instrumentation and
how it will be used prior to the first flizht.

e. Upon completion of the Prozram, the Chief of the Engineering
Section will prepare a formal report outlining the procedure, the execution, and
results obtained. No conclusions should be drawn relative to the suitabllity of
the radar equipment, except the results obtained may be compared to the results
froir the range instrumentation.

4,  ABM Computing Unit

a, The Computing Unit will be responsible for reduction of all data
reqri ed.

b. After data has been submitted for pass one and twol

(1) The Computing Unit will determine the a, b coordinntes for
ten points at random and will give an azimuth bearing from "A and B" bench marks,
or at the discretion of the Computing Unit the azimuth reference may be given
fron other bench marks if more desirable for survey of points.

(2) After survey for elevation, the data will be returned to the
Computing Unit for incorporation in tabulation of data.

(3) If possible, the date from the aircraft altimeter (35 mm film)
will be forwarded for inclusion with the tabulation.

C. Details of operation of zquipment and conduct of program will be
forwarded per paragraph 3e.

d. Extent of data required from remaining passes will be established,
based on results of passes one and two.
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5. Test Flights

a. FPor convenience, the program has been broken down into three
flishts with an appropriate number of passes per flight., The conditicns of
each pass is lat r described.

b, AC personnel have been made aware of the limitations of the
ABl ballistic canera.field of view and all followin; described pasces are based
on bi-sectin_ as nearly as possible the camera base lines and all flights will
be node in the direction ol the normal line of flight.

c. Flizht One will be flown at 26,700 feet calibrated indicated
2ltitnde above sea level (approx. 24,000 feet sbove terrain). For all passes
flown in this flizaht, Ballistic Cameras EF and AB will be exposed succesaively
as the plane passes into the respective flelds of view.

Pass 1 Aircraft straight and level.

Pass 2 Alrcraft straizht and level.

Pass 3 Left winz: down 5°, Line of flizht straizht and level.
Pass 4 Left winz down 10°. Line of flight straight and level.
Pass 5 Rizht wing down 5° Line of flight straight and level.
Pass 6 Right wing down 10°., Line of fligzht straight and level.

d. Flizht Two same altitude (26,700 feet) and same ballistic camera
reguirements ag Flisht One.

Pags T Nose high 3°, Line of flight straizht and level.

Pags 8 Nose high 6°, Line of flight straignt and level.

Pass 9 Tail hizh 3°. Line of flight straizht and level,

Pags 10 Pail high 6°. Line of flight straight and level.

Pass 11 Aircraft straight and level. Move radar antenna
30 aft.

Pags 12 Airacraft straight and level. Move radar antenna
6° aft.

Pass 13 Aircraft straight and level. Move radar antenna
3° forward.

Pass 14 Aircraft straight and level. liove radar antenna 6°
forward.
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e. Flight Three will be flown at 18,700 feet calibrated indicated
altitude (approximately 16,000 feet above terrain). Only B and F cameras will
be operated. Note requirement for Askanias, Pass 19.

Pags 15

Pass 16

Pass 17

Pass 18

Pass 19

APPROVED:

JOHI! D. ARMITACE
Lt Col, Ord Dept
Comnmanding

JADC TR 52-19%

Alrcraft straight and level,
Aircraft straight and level.

Left wing down 30°, Line of flight straight‘and
level (douhtful).

Right wing down 30°, Line of flight. straight and
level (doubtful).

Aircraft straight and level. Pass will be made from
south to north over the center of the dry lake bed.
Ballistic Camera will not be used. Askanias will
track aircraft into beginning of run and will start
exposures Jjust before aircraft reaches south edge of
lake bed and will continne photographing for three
minutes.

/s/ Walter O. Pegee
WALTER O. PEGEE
Chief, Operstions Branch
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A0CURASY TEST DATA
0

ALTI.ZTER Al7/APT-57

aderdeen Bombin: iission Bdwards Air Force Base
Date Pass Connter Attitnde Correct AN/ APH-57 Final
of Aircralt Alt. above Alt. Readinz Difference
Banlkt Climb  Terrain

16 kar 50 1 58 L¥D 1° 11U 2° 25,019 25,075 56 feet
59 25,028 25,093 65
50 25,037 25,102 65
65 25,088 25,153 55
70 25,152 25,225 13

0 ar 50 1 3B hg RWD 2° NU 1° 2k, 336 24,370 34 feet
52 2k, 352 eh, 390 38
54 2, 371 24,410 39
57 ok, 384 2k, 20 36
58 2k, 390 2l g5 35
é2 24,410 2, hhg 38
63 24,16 24, 165 39
67 24, bl 2h,h78 37
17 24, 527 4,571 M}
79 ek, 543 2k, 600 57

23 lar 50 2A 9 RWD 1° U 1° 23,506 23,565 59 feet
10 23,528 23,538 60
11 23,546 23,609 63
12 23,564 23,624 60
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Date Pass Counter Attitude Correct ALl APT-5T Final
of Alrcraft Alt. above  Alt., Reading Difference
Bonlk Cliab Terrain

23 Mar K0 1% 23,576 23,645 60 feet
1k 23,535 23,650 65

2 Apr 50 3a 1 WD 9° 1y 2° 24,558 214,920 132
22 o ho i 515 24, 520 305
25 go 50 2h, 522 2k, glo 318
25 6o 5o b, 531 ok, 395 764
27 6o 5o 2h shl =,960 116
33 ge 7° 24,655 25,280 625
23 7° 5o 2k, 716 25,180 Lah
Ll Go 30 o, 71 T4 %80 359
45 60 3° 2, ilo 5,075 359
51 o 30 2h 711 25, 265 554

3 Apr 50 L 9 LWD 10° 2k, 590 25,230 640
93 o, 652 25,470 803
ol o, 672
95 2k, 652 25,573 391
99 o, 714 25,685 971
103 24, 731 25,925 1194
108 2L, 745 25,950 1205
111 2k, 751 25,960 1209
116 24,718 25, 350 1132
119 2k, 712 25,890 1178
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Date Poss Comnter Astitude Sorrect AlT/APT-5T Final
of Alrcralt Alt. avove Alt. Reading Difference
Banlz Clinb Terrain

3 Aygr 50 5 150 RWD 5° 2k, 756 24,938 182
165 2, 831 24,992 161
170 24, e61 25,060 199
173 2k, 857 25,105 238
174 2l,870 25,105 235
175 o, 871 25,130 259
183 ek, 385 25,075 190
187 24,919 25,122 203
191 2k, 956 25,210 254
193 2k,973 25, 220 2Ly

3 agr 50 6 205 RuWD 10° 2k, 700 25,072 322w
208 24,782 25,190 108
21le 2k, 818 25,195 377
213 2k, 825 25, 200 375
IR 2k, 831 25,818 387
o17 24,835 25,&75 1120
220 2k, 860 25,338 178
225 24, 88l 25,350 166
228 24,931 25,410 1179
232 2,989 25,530 5l
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Date Pass Cownter attitnle Sorrect al/arii=ny Tinnl

of aircrofi alt. above  alt., Realing Difference
Baxni: Clisd Terrain
3 Apr 50 7 249 wUo3° 24,509 ok, B85 76
252 &h, 559 ch, €32 3
255 elt, 635 clt, 690 55
257 b, 650 2k, 712 Ge
258 i, 560 2, 715 =5
261 2k, 650 4,757 57
267 o, 7ho ek, 802 e
272 ch, 732 o, &7e 20
279 ch, 864 2L,ouhe 76
282 ok, 231 24,960 79
3 Apr 50 8 298 NU 6° 24,285 ol b75 130
303 2k, 332 4,515 193
311 o, 368 24, hoo 112
317 24,370 2k, 510 140
323 chy 392 24,550 153
3ok 4,397 ek, 560 163
35 2k, 399 £, 550 151
329 2, big ek, 575 163
335 2 kiez 24,590 163
) 3hp 2k, bsh ek, 655 211
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Drse Posgs Jornter Attitude Correct A AF=5T Final
L alrcraft Alt. above  Alt. Readin;; Difference
Bank Cliud Terrain
- e T - ~ ~ * ~
T oagr & S 360 TU 3° 23,383 23,942 59
247 ~ - -
293 23,879 23,3930 ol

364 23,874 23,928 54

365 n3,872 23,930 58
369 23,562 23,940 78
372 23,5860 23,96¢C 10%
213 23,857 23,935 8l
375 23,864 23,930 €6
377 23,885 23,953 68
581 23,937 23,995 58
7 apr 50 12 575 0 0 23,253 23,532 279
176 23,256 23,538 232
480 23,265 23,550 285
hgo 23,272 23,570 298
L33 23,275
Lgh 23,279
190 23,3e3
493 23,346 23,660 31k
4359 23,386 23,138 352
503 23,411 23,750 339
Antenna fesd 6° aft
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Date Pass Counter attitnde Correct AT APIT-57 Final

of alrcraft Alt. ahove  alt. Headling Difference
Banit Cliub Terrcin

3 anr 52 13 513 0 0 23,218 23,260 he
517 23,233 23,280 L7
520 23,265 23,315 50
525 23,294 23,347 53
5e5 23,315 23,258 b3
b32 23,252 £3,35D 53
533 £2,338 £3,388 50
53k £3, 3k 23,295 51
539 23,361 23,430 lg
Bh2 23,394 23,460 66
545 23,1405 23,430 75

Antenna feed 3° forword

3 Apr 50 1k 559 0 0 23,162 23,250 88
562 23,181 23,285 104
565 23,196 23,302 106
568 23,217 23,313 96
5T £3,251 £3,335 gl
575 23,263 23,360 97
576 23,213 23,359 g6
581 23,316 23,100 gl
585 23,372 23,475 103
589 23,391 23,190 99

Antenna feset 6° forward
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Date Pass Counter  Attitude Correct I NG Final
Oof Aircraft  Alt. above Alt. Reading Difference
Bark  Climb Terrain
28 Mar 50 15 10 0 0 15, 356 15,412 56
11 15,415 15,472 57
12 15,473 15,535 62
13 15,518 15, 580 52
28 Mar 50 16 90 0 0 15,392 15,435 43
91 15,423 15,460 37
95 15,153 15,480 27
96 15,459 14,495 36
97 15,465 15,500 35
101 15,431 15, 523 32
104 15,511 15,550 39
105 15,520 15,558 38
109 15,581 15,628 L7
110 15,589 15,642 53
29 linr 50 17A 8 RWD 1° © 15, 328 15,360 32
10 15,363 15,295 32
12 15,375 15,395 30
15 15,40k 15,460 56
16 15,415 15,1450 35
17 15,425 15,170 U5
15 NU 1°  15,hh7 15,510 63
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Date Pass Couvnter Attituvde Correct AT AYT-5T Final

of dircraft 4lt. above Alt. Zendinn Difference
Baniz Clixd Terrain
29 Lier 50 21 15,486 15,530 M
23 15,506 15,500 L9
2l 15,517
£2 Mar 50 18 120 0 0 15,911 15,974 63
121 15,925 15,979 54
1z 15,939 15,9%2 03
ce 16,014 15,065 =0
130 16,038 16,075 37
131 16, 047 16,088 52
133 16,061 156,110 hg
136 16,080
137 16,035
110 16,108 15,170 62
&9 nar 50 119 182 RWD 1° M7 1° 16,603 16,622 19
163 LWD 1° 15,608 16,625 17
187 LD 15° 16,5629
193 LUD 33° 16,656 19,972 3316
| 194 LD 33° 16,658 19,008 2350
| 195 LUD 330 16, 558 19,790 3132
136 LYWD 33° 16,657 19, 880 3223
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dote Pass Counter attitede Correct A/ AR5 Final
of alrcroft Alt. above Alt. Zeadin . Difference
Ban: Clid Terrain
2% wr 0O 203 RUD 26° 15,656 18,670 201k
£l 20D 5e° 16,657 19,775 3118
211 EWD 3e° 16,550 12,653 3008
el EVD 30° 15,640 19,305 2665
2l RWD 31° 16,523 19, 202 2778
cel &WD 300 16,540 19,130 £590
238 WD 2° 16,683 16,715 32
£33 RWD 2° 16,698 15,735 37
P! RWD 2° 16,711 16,750 39
256 RWD 2° 16,737 16,753 16
&) ior 50 20 272 RWD 1° 4} 16,502 16,630 22
277 WD 2° 16,612 16,440 28
g0 LWD 13° 16,619 17,092 173
2sl LUD 19° 16, 624 17,800 1176
292 VD 27° 16,613 19,080 oL67
31h PWD 19° 16, 606 17,500 g9l
323 RWD 26° 156,605 13,390 1785
386 2WD 28° 15,631 18,720 2089
334 WD &5° 15,621
350 RWD 32° 15,539 19, 205 2606
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Date Pass Counter attitonce Correct ATJAPT-HT Final

of Alrcralft Alt., above  Alt. ending Difference
Banl: Clizn Terrain
29 lar 50 751 o 22° 16,594 19,220 2626
361 RVD 17° 16,528 17,260 632
369 7D 1° 16,644 16,652 g
371 RWD 1° 16,651 156,655 l+
374 0 16,656 16,658 5
379 0 15, 62k 16,640 16
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APPENDIX VIII

Pattern Measurements of Antenna Assembly AS-368/APN-57

1. DPattern meagsurements of Antenna Assembly AS-368/APH-57 were conduncted
at Ipswich Test Station, a part of the Air Force Cambridge Research Laboratories,
Boston, Massachusetts, on 15 and 16 September 1949 by Capt Georgli and the
following personnel of the Ipswich Test Station: Hessrs. John Baker, Ralph
Hiatt, and Mrs. Tine. These tests were conducted to obtain the radiation
patterns of the antenna with the feed centered and with the feed tilted off
center. The feed is tiltable so that corrections may be made for changes of
attitude of the aircraft. Fron these patterns the beam width at half-power
points and the attenustion of the minor lobes were determined.

2. The following is a diagram of the test setup:?

< - 1350 ' -

H b HH

[|EEREE (B

TRANSMITTER
SHACK

LABCRATORY

Fig. 27
ANTENNA TEST SETUP
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The laboratory and transmitter shack are on top of hills approximately
one quarter of a mile apart with a depression approximately 150 feet deen between
them. This depression helps to eliminate ground reflections. The antennz to be
tested (AS-368/APN-57) was mounted in a mount on top of the laboratory, the
mount being motor driven in both azimuth and elevation. Radiation was detected
by a bolometer connected to the antenna feed, and the bolometer output was fed
into an amplifier and recorder. The antenna on top of the transmitter shack
was 10 feet in diameter, with a beamwidth of less than a degree at X~band. The
crystal-controlled transmitter was set for 3.238 cm; the center freguency of
Altimeter AN/APN-57 is 9375 nc.

3. The patterns were made in the following manner: After the feed of the
antenna was accurately centered in the dish, the recorder graph paper was
adjusted for azimuth centering; next the antenna was adjusted in elevation to
obtailn maximum output so that the recorder amplifier gain could be properly set
and locked. The antenna mount was then rotated 90 degrees off center and the
pattern talking begun. JFrom this point on, the only change in the test setup
was that of altering the angular position of the feed of Antenna Assembly
AS~368/APN-57.

4, A gunmary of the resnlts as interpreted from the graphs follows:

Graph #1. For this measurement the feed was centered in the dish
with a machinist level graduated in .0001 inches. [See Figure 28]

Results? The beamwidth of the mainlobe was 1.7° % .1° at the half-
power points., The sidelobes were down 23 db or more, and the overall pattern
was good.

Graph #2 (90° graph paper used) The feed was adjusted in what
appeared to be the center of the dish by means of Trim Control Box (-226/APS-10.
The Trim Control Box was attached to the frame of the antenna mount and adjusted
s0 the ball was centered before 1t was connected to the feed of the antenna.

The antenna dish was also gzeroed in azimuth and elevation; therefore a zero
reference level was established between the two and any change from this could
be noted on the trim control box. It was however determined by measurement
that the feed was off center by approximately 30 minutes. Eee Figure ZQJ

Results: The beamwidth of the main lobe increased to 3° and one side
lobe was only 5 db down.

Graph #3. This is similar to Graph #2 except the mttern has been
expanded 5 to 1 (plotted on 18° graph paper). The feed was centered by means
of the t rim control box. [ee Figure 303

Resultss The beamwidth of the main lobe was 3.2°. The stronzest side
lobe was down 16 db. The differences between patterns 2 and 3 are probably due
t0 the inability of the engineer to exactly duplicate the feed centering with
the trim control box.
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Graph #4. Made with the feed first centered and then shifted off 1°
and 2°, [Bee Figure 31}

Results: (1) The first pattern (feed centered). has a 2° beamwidth
and the side lobes are 26 db down. (2) The seécond pattern (feed tilted 1° off
center) has a 2.2° beamwidth and the side lobes are 21 db down. (3) The third
pattern (feed tilted 2° off center) has a 2.2° beamwidth and the side bbes are

17 &b down. ,

Graph #5, 6 and 7. For these measurements the feed was first accurately
centered and then moved to the left of center 3° and 6°. 6° is the maximum
available displs~ement of the feed from center. [Sed Figure 323

Resul. & (1) With the feed centered (Graph #5) the beamwidth was 2°
and the first siis lobe was down 18 db. (2) With the feed tilted off center 3°
(Graph #6) the lcamwidth increased to 2.4° and the side lobes were only & db
down, with the overall pattern of the antenna poor. (3) With the feed tilted
off center 6° (Graph #7) the beamwidth was 2.1° and the side lobes moved up to

within 6 db of the main lobe.

Graphs #8, 9 and 10, The feed was first accurately centered and then
moved to the right of center 3° and 6°. [Bee Figure 33.]

Results: (1) With the feed centered (Graph #8) the beamwidth was
2.2° and the side lobes were down 22 db. (2) With the feed off center 3° (Graph
#9) the beamwidth was 2.4°, the side lobes were down 6 db, and the overall
pattern of the antenna poor. (3) With the feed off center 6° (Graph #10) the
beanwidth was 3°, the side lobes wers 4 ab dowy, and the “overall pattern poor.

Conclusions:

(1) Due to the deterioration of the antenna pattern when the feed is
in any position except center, the feed should be centered and locked in that

position.

(2) A mathematical study of the effect of antenna beanwidth on altitude
readingzs over various types of terrain seems desirable.
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APPERDIX IX

LIFE TEST — LIST OF PaRT FaILURES

Set Yo. 1 (RT #4 with Ind. #1) and Set Ho. 2 (&T #3 with Ind. #15)

Circuit
Ref. Yo.

7230
ve3l

V702

R705

ver3

R276
270

270

7270

Component Tature
and Function of Failure
Low-voltage transforner Burned out
Low-voltaze rectifier (6X5GT) Shorted
Circle amplifier (6&&5) Low emission
Circle applifier cathode resistor nesistance
increased
Modulator rectifier (3BcM) Open filament
Primary series resistor Burned out .
Modulator power supply transformer Shorted secondary
n ]
n f

Set No. 3(RT #12 with Ind. #13) and Set Ho. U (RT #11 with Ind. #16)

TH15

V350
B270

R276
270

V601
v702

WADC TR 52 193

Shaft coupling insvlator Broken

3 ke amplifier (2051) Grid/cathode shat
TR tuve (1B2L) Defective

Blower motor Shorted

Cyclic AGC cable Shorted

see above Burned ount

" Shorted secondary

Frequency divider (2051) Defective
Circle amplifier (6AQ5) Defective
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Th02
LhoL

Va33
Y351

w382
Va7l
1350
kLol
vLo1
Zho2
vhes
Wh06
The3
V352
7270
T270
cLol
zho2

Ti23
7401

Lote: Grouped components represent a simultaneons breakdow:i.

WADC TR 52-193

Low-voltaze rectifier (S5RUGY)
Filter choke

TR keep-alive rectifier (9006)
AFC cryrstal

Trigoer cable

Hodulator (3C45)

Mixer crystal

Delayed B+ relay

Low-voltaze rectifier (5aUGY)
Delay line

Phase detector (2D21)

I-f input cable

3 ke square wave delay (6ag5)

Local oscillator (7234/B)

Hodulabor power suynly transgformer

Regulated B+ filter

Delay line

3 k¢ square wave delay (6AQS)
Low-voltage power transformer

118

Open filament
Burned out

Defective
Burned out

Shar ted

Defective

Burned out

Gro unded

Open filament
Open

Defective

Broken

Defective
Defective

Shorted secondary
Prim./sec, short
Impregnant leaked

Shorted

Defective
Primary open and
shorted to sec.
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